(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
30 January 2003 (30.0L2003) 




(10) International Publication Number 

PCT WO 03/007945 Al 



(51) International Patent Classification 7 : A61K 31/4184, 

C07D 401/04, 407/04, 235/18, 471/04, 407/14, 417/14, 
409/04, 403/04, A61K 31/437, A61P 31/22 

(21) International Application Number: PCT/CA02/01129 

(22) International Filing Date: 18 July 2002 (18.07.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/306,669 
60/338,324 



20 July 2001 (20.07.2001) US 
7 December 2001 (07.12.2001) US 



(71) Applicant (for all designated States except US): 
BOEHRINGER INGELHEIM (CANADA) LTD. 

[CA/CA]; 2100 Cunard Street, Laval, Quebec H7S 2G5 
(CA). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BEAULIEU, 
Pierre, Louis [CA/CA]; 2100 Cunard Street, Laval, 
Quebec H7S 2G5 (CA). FAZAL, Gulrez [CA/CA]; 2100 
Cunard Street, Laval, Quebec H7S 2G5 (CA). GOULET, 
Sylvie [CA/CA]; 2100 Cunard Street, Laval, Quebec H7S 
2G5 (CA). KUKOLJ, George [CA/CA]; 2100 Cunard 
Street, Laval, Quebec H7S 2G5 (CA). POIRIER, Martin 
[CA/CA]; 2100 Cunard Street, Laval, Quebec H7S 2G5 
(CA). TSANTRIZOS, Youla, S. [CA/CA]; 2100 Cunard 
Street, Laval, Quebec H7S 2G5 (CA). 



(74) Agent: BERNIER, Louise, G.; Boehringer Ingelheim 
(Canada) Ltd., 2100 Cunard Street, Laval, Quebec H7S 
2G5 (CA). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FT, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TO, TR, TT, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: VIRAL POLYMERASE INHIBITORS 



OS 

o 
© 

o 




(I) 



(57) Abstract: An isomer, enantiomer, diastereoisomer, 
or tautomer of a compound, represented by formula 
(T): wherein R 1 is selected from: H, haloalkyl, 
(Ci. 6 )alkyl, (C 2 ^)alkenyl, (C 3 . 7 )cycloalkyl, (C 2 -6)alkynyl, 
(Cs^cycloalkenyl, 6 or 10-membered aryl, Het all 
optionally substituted; R2 is selected from (d. 6 )alkyl, 
(C 3 . 7 )cycloalkyl, (Ce-iojbicycloalkyl, 6- or 10-membered 
aryl, or Het all optionally substituted; B is N or CR 5 , 
wherein R 5 is H, halogen, haloalkyl, (Q.6)alkyl, 
(C 3 . 7 )cycIoalkyl or (C 1 ^)alkyl.(C 3 . 7 )cycloalkyl; X is N or 
CR 5 ; D is N or CR 5 ; each of Yi and Y 2 is independently O or S; Z is O, N, or NR Z wherein R* is H, (Ci^alkyl, (C 3 . 7 )cycloalkyl 
or (Ci. 6 )alkyl-(C 3 . 7 )cycloalkyl; R 3 and R 4 are each independently H, (Ci^)alkyl, first (C 3 . 7 )cycloalkyl, 6- or 10-membered aryl, 
Het (Ci_6)alkyl-6- or 10-membered aryl, (C^Oalkyl-Het; or each R 3 and R 4 are independently covalently bonded together to form 
second (C 3 . 7 )cycloalkyl, or heterocycle, all optionally substituted; or when Z is N, either R 3 or R 4 are independently covalendy 
bonded thereto to form a nitrogen-containing heterocycle; R 7 is H, (Ci. 6 alkyl), (C 3 . 7 )cycloalkyl or (Ci^)alkyl-(C 3 . 7 )cycloalkyl; or 
R 7 is covalendy bonded to either of R 3 or R 4 to form a heterocycle; A is (Q-e) alkyl-CONHR 8 wherein R 8 is-6- or 10-membered 
aryl, or Het; or A is a 6- or 10-membered aryl, or Het said aryl or Het being optionally substituted; or a salt or a derivative thereof; 
such compounds being potent inhibitors of HCV NS5B polymerase. 
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VIRAL POLYMERASE INHIBITORS 

Technical field of the invention 

The invention relates to inhibitors nf rma ^ 

polymerase. V " m0re P arttc ^rfy HCV 



5 



25 



30 



Background of the Invention 

chmmcauy looted Manv ofT! ^ "*"** HCV ■»•■«■ 

wide, and HCV-assoriaten « w , HCV carners wor 'd- 

Prolonged to**™, o . "° '° """^ HCV H*** 

Re.chard ( 0.; Schvarcz,R.-Weiland-0 -iQQ7 1J ' " d 

. n., weiiand, O., 1997 Hepatology 26: 108S-111S) 
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274-288). The HCV polyprotein is cleaved co- and post-translationally into at least 
10 individual polypeptides (Reed, K.E.; Rice, CM.; 1999; Cum Top. Microlbiol. 
Immunol. 242: 55-84. The structural proteins result from signal peptidase induced 
cleavage in the N-terminal portion of the polyprotein. Two viral proteases mediate 
5 downstream cleavages to produce non-structural (NS) proteins that function as 
components of the HCV RNA replicase. The NS2-3 protease spans thp C-terminal 
half of the NS2 and the N-terminal one-third of NS3 and catalyses cis cleavage of 
the NS2/3 site. The same portion of NS3 also encodes the catalytic domain of the 
NS3-4A serine protease that cleaves at four downstream sites. The C-terminal two- 

10 thirds of NS3 is highly conserved amongst HCV isolates, with RNA-binding, RNA- 
stimulated NTPase, and RNA unwinding activities. Although NS4B and the NS5A 
phosphoprotein are also likely components of the replicase, their specific roles are 
unknown. The C-terminal polyprotein cleavage product, NS5B, is the elongation 
subunit of the HCV replicase possessing RNA-dependent RNA polymerase (RdRp) 

15 activity (Behrens, S.E.; Tomei, L; DeFrancesco, R.; 1996; EMBO J. 15: 12-22; and 
Lohmann, V.; Komer, F.; Herian,' U.; Bartenschlager, R.; 1997; J. Virol 71: 8416- 
8428). It has been recently demonstrated that mutations destroying NS5B activity 
abolish infectivity of RNA in a chimp model (Kolykhalov, A.A.; Mihalik, K.; Feinstone, 
S.M.; Rice, CM.; 2000; J. Virol 74: 2046-2051). 

20 

The development of new and specific anti-HCV treatments is a high priority, and 
virus-specific functions essential for replication are the most attractive targets for 
drug development. The absence of RNA dependent RNA polymerases in mammals, 
and the fact that this enzyme appears to be essential to viral replication, would 
25 suggest that the NS5B polymerase is an ideal target for anti-HCV therapeutics. 
WO 00/06529 reports inhibitors of NS5B which are a, y-diketoacids. 
WO 00/13708, WO 00/10573, WO 00/18231 , and WO 01/47883 report inhibitors of 
NS5B proposed for treatment of HCV. 

30 SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a novel series of compounds 
having improved inhibitory activity against HCV polymerase. 

In a first aspect of the invention, there is provided an isomer, enantiomer, 
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X* 1 

wherein W 
R 1 is selected from- R 11 or 11 qd« ^~«h 

10-member.c ary, or He, said iiwJf . ^' (C " ,C >*** • or 
* * n ilrog e„ ,o w « they ~ h ~ 

' rom (C '*>** ^ «M«M* (C^oaJke^ 
or^alkyWM, '"-membered aryl, He,, (C„)alky l -ary, 

^aM.oydoafky,,^,^, w 

a) (C,.6)alky| optionally substituted with: 

^* WM ** ■* He,, (C,,,*^ „ r (c , 
6 )alkyl-Het; or 

■ NOn. wherein each R 22 is independently H, (C^alkyl (C 

o <P**m orboth R*are co Va ,en«y bonded together 
and to he n,t rog en to which they are attached to for. a 5, 6 or 
7-membered saturated heterocycle- 

b) OR- wherein R23 ,. s K (Cw)a|Mj (c ^ c)oa)ky) ^ 

(C^)alky|-(C3. 7 )cycloalky|, aryl Het (C * ,~ 

clSR*«,h« • „24 " et,(Cl - 6 ) a,k y | - ar y'or C^alkyi-Het; 

c) SR where.n R is H, (Chalky,, (C^cycloalkyl, or 

(0,^alkyl-(C3. 7 )cycloalkyl, an/I Het (C \oiun , ,~ 

and ^ * et ' ( c i-6)a(kyl-aryl or (C^alkyi-Het; 
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d) N(R 25 ) 2 wherein each R 25 is independently H, (d-^alkyl, 
(C^cycloalkyl, (d-^alkyHQ^cycloalkyl, aryl, Het, (d^alkyl-aryl or 
(d^Jalkyl-Het; or both R 25 are covalently bonded together and to the 
nitrogen to which they are attached to form a 5, 6 or 7-membered 
5 saturated heterbcycle; 

B is N or CR 5 , wherein R 5 is H, halogen, (d^alkyl, haloalkyl, (C^cycloalkyl or (d- 

6 ) alkyl-(C3. 7 )cycloalkyl; or R 5 is OR 51 or SR 51 , COR 51 or NR 51 COR 51 wherein each R 51 
is independently H, (d^alkyl), (C^cycloalkyl or (C^Jalkyl-^^cycloalkyl; 

10 or R 5 is NR^R 53 wherein R 52 and R 53 are each independently H, (C 1H3 )alkyl, (C 3 . 

7 ) cycloalkyl, (Ci^alkyl-^^cycloalkyl, or both R 52 and R 53 are covalently bonded 
together and to the nitrogen to which they are attached to form a 5, 6 or 7-membered 
saturated heterocycle; 

15 X is N or CR 5 , wherein R 5 is as defined above; 

D is N or CR 5 , wherein R 5 is as defined above; 

each of and Y 2 is independently 0 or S; 

20 

Z is O, N, or NR 6 wherein R 6 is H, (C^alkyl, (C^cycloalkyl or 
(d^alkyl^C^cycloalkyl; 

R 3 and R 4 are each independently H, (C^)alkyl, haloalkyl, (C^cycloalkyl, 6- or 10- 
25 membered aryl, Het, (C^alkyl-aryl, (d^alkyl-Het, wherein said alkyl, cycloalkyl, 
aryl, Het, (Ci^alkyl-aryl, (d^alkyl-Het are optionally substituted with R 30 ; or 
R 7 and R 8 are covalently bonded together to form second (C^cycloalkyl or a 4, 5- or 
6-membered heterocycle having from 1 to 3 heteroatom selected from O, N, and S; 
or when Z is NR 6 , either of R 7 or R 8 is covalently bonded to R 6 to form a nitrogen- 
30 containing 5-or 6-membered heterocycle; 

R 7 is H, (d-e alkyl), (C 3 . 7 )cycloaIkyl or (C 1 ^)alkyl-(C 3 - 7 )cycloalkyl, aryl, Het, (d^alkyl- 

aryl or (d- 6 )alkyl-Het, all of which optionally substituted with R 70 ; or 

R 7 is covalently bonded to either of R 3 or R 4 to form a 5- or 6-membered heterocycle; 
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CONH-ao, or fC^al^H-He,, a» dl * h balng „ 

^ OH O f C00H 



>COOH iOrR 100 



or a salt or a derivative thereof; 



wherein Het is defined as: 

5- or e-mambersd hetarocyote having , ,„ 4 helmaoms se|ecte(J 



15 



R ,, ,B»',R'»andR»»areda«nada S : 

« l 4 >r!! J9n,S Se ' eC,ed ^ ha ' 09en ' ° PW N °* W a*do, 
CMrflNH, C(= N H)NH(C K )a, M or C(=NH)NHCO(C„,al M - or 
• 1 to 4 subsstuents selected from: 

a) (Ch) alky, or haloalky,, (C M )cycloalM. C„ spirocycloalky. optonally 
«™a,n,ng 1 or 2 heteroafom, fij*^ ( c M)alkynyl , ^ ' 
rjcycloalkyl, all of whioh opft'onally subssiutai „», R .». 

b) OR- herein R 1M te H, (c,^,, (C^JcyoloalKvl, or (C^alkyHC, 
r) « a* He,, ( c K a, ^ or (C^He,. said alky,. oy*^ 
aryf, H„, (c.alMary, or (C^alkyOH* being optionally subsided M, ' 

" i 

c) OCOR- wherein R-^c,^ (c „ )<Woa ^ 

Hat, (C^alkyl^ or (C.alkyljHa, balhg optonally substituted wilh R'»- 

2T7 n "f'^ °' '°"'^-^)cy*al ¥ ,ar,, 

H« .C^ikyDa^or^a^H^orbofhR'-are cova,e„«y bonded 
togelber and ,o ma nitrogen ,o whicb fhay a« affacbed ,o fon. a 5, 6 or 7- 
mam arad saturated ba,arocyo,a, said alkyf, oycloalky, a* H a t ,c, 
ealMlaryl or (C^Re, , neterocyete ^ ^.^^ 
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R 150 ; 

e) NR 111 R 112 wherein R 111 is H, (d^alkyl, (C^cycloalkyl or (d-eJalkyMd,. 
7 )cycloalkyl, aryl, Het, (d-ealkyOaryl or (C 1 . 6 alkyl)Het, and R 112 is H, CN, (d- 

6 ) alkyl, (C^cycloalkyl or (d*)alkyl-(C3- 7 )cycloalkyl, aryl, Het, (C^alkyljaryl, 
(C^alkylJHet , COOR 115 or S0 2 R 115 wherein R 115 is (C^)alkyl, (Cg. 

7) cycloaikyl, or (d-6)alkyl-(Cg. 7 )cycloalkyl, aryl, Het, (C^alkyl)aryl or (d- 
6 alkyl)Het, or both R 111 and R 112 are covalently bonded together and to the 
nitrogen to which they are attached to form a 5, 6 or 7-membered saturated 
heterocycle, said alkyl, cycloalkyl, aryl, Het, (C^alkyOaryl or (C^alkyl)Het, or 
heterocycle being optionally substituted with R 150 ; 

f) NR 116 COR 117 wherein R 116 and R 117 is each H, (C^)alkyl, (Cg. 7 )cycloalkyl, 
(d*)alkyl-(Cg. 7 )cycloalkyl, aryl, Het, (d-ealkyfjaryl or (C^alkyl)Het, said (d- , 

6 ) alkyl, (C3. 7 )cycloalkyl, (d-6)alkyl-(Cg. 7 )cycloalkyl, aryl, Het, (C^alkyl)aryl or 
(d-ealkyl)Het being optionally substituted with R 150 ; 

g) NR 118 CONR 119 R 120 , wherein R 118 , R 119 and R 120 is each H, (C^alkyl, (Cg. 

7 ) cycloalkyl, (d-6)alkyl-(Cg. 7 )cycloalkyl, aryl, Het, (C^alkyljaryl or (d- 
6 alkyl)Het, or R 118 is covalently bonded to R 119 and to the nitrogen to which 
they are attached to form a 5, 6 or 7-membered saturated heterocycle; 

or R 119 and R 120 are covalently bonded together and to the nitrogen to which 
they are attached to form a 5, 6 or 7-membered saturated heterocycle; 
said alkyl, cycloalkyl, (d-6)alkyl-(C3- 7 )cycloalkyl, aryl, Het, (d-ealkyl)aryl or (d- 
6 alkyl)Het or heterocycle being optionally substituted with R 150 ; 

h) NR 121 COCOR 122 wherein R 121 and R 122 is each H, (C^)alkyl, (Cg. 
7 )cycloalkyl, (d-6)alkyl-(Cg. 7 )cycloalkyl, a 6- or 10-membered aryl, Het, (d- 
6 alkyl)aryl or (C^alkyl)Het, said alkyl, cycloalkyl, alkyl-cycloalkyi, aryl, Het, 
(d-ealkyOaryl or (d. 6 alkyl)Het being optionally substituted with R 150 ; 

or R 122 is OR 123 or N(R 124 ) 2 wherein R 123 and each R 124 is independently H, 
(C^alkyl), (Cg. 7 )cycloalkyl, or (C 1 ^)alkyl-(C 3 - 7 )cycloalkyl, aryl, Het, (d. 
6 alky1)aryl or (d- 6 alkyl)Het, or R 124 is OH or O(C^alkyl) or both R 124 are 
covalently bonded together to form a 5, 6 or 7-membered saturated . 
heterocycle, said alkyl, cycloalkyl, alkyl-cycloalkyl, aryl, Het, (d^alkyl)aryl or 
(d-ealkyl)Het and heterocycle being optionally substituted with R 150 ; 

i) COR 127 wherein R 127 is H, (Ci«)alkyl, (C 3 . 7 )cycloalkyl or (d-sJalkyHCg. 
7 )cycloalkyl, aryl, Het, (d-ealkyQaryl or (C^alkyl)Het, said alkyl, cycloalkyl, 
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aryl, Het (C^alkyOaryl or (C^alkyOHet being optionally substituted with R« 
J COOR wherein R 128 is H, (Chalky!, (C^cycloalkyl, or(C 14 )alkyl-(C3. ' 
7 )cyo.oalkyl, aryl, Het, (C^alkyOaryl or (C^ lkyl )Het, said (Chalky, (C, 
Cycloalkyl, or^alkyl-^cycloalkyi, aryl, Het, and (Ci 

6 alkyl)Het being optionally substituted with R 150 ; 

k) CONR 129 R 130 wherPin R 129 a nw b13o 

» wherein R andR are independently H, (C^alkyi, (C3. 

rjcycloalkyl, (C^jalkyl-^oycloalkyl, aryl, Het, (C, 6 alkyl)aryl or (C, 
6a'kyl)Het, or both R 129 and R 130 are covalently bonded together and to the 
mtrogen to which, they are attached to form a 5, 6 or 7-membered saturated 
heterocycle, said alky,, cycloalkyl, alkyl-cycloalkyl, ^ Ret, (C^aryi, 
(C^alkyl)Het and heterocycle being optionally substituted with R 1S0 - 
0 aryl, Het, (C^lkyDaryl or (C^alkyl)Het, all of which being optionally . 
substituted with R 150 ; and 

wherein R 150 is defined as: 

1 to 3 substituents selected from: halogen, OPC^H, N0 2 , cyano 
a^do, C(=NH)NH 2> C(=NH)NH(C 1 .)alkyl or C(= NH )NHCO(C 1 ,, a , ky ,. 
or 1 to 3 substituents selected from: 

a) (C^) alkyl or haloalkyl. (C^cycloatkyl, spirocycloalkyl 
optionally containing 1 or 2 heteroatom, (C^aikenyl, (C 2 ,)alkyny1, 
<Cu) alkyl-(C3. 7 )cycloalkyl, all of which optionally substituted with R 160 - 

b) OR 104 wherein R 104 is H, (C^alkyl), (C^cycloalkyl, or (C^Jalkyl- ' 
(Ca-^cycloalkyl, aryl, Het, (C^lkyOary, or (C^alkyOHet, said alkyl 
cycloalkyl, aryl, Het, (Cheryl or (C^Het being optionally 
substituted with R 160 ; 

0) OCOR<» ^erem R » , s (0K)alM , (C^oaikyl, (c, >lkyH c, 
*V*M* He., (C,^ m or (c^ lky , )He ,, said ^ 

aryl, Het, (C^alkyOaiyl or (C K alkyl)Het being optionally substiluted ' 
withR 160 ; 

I 3 ""' SW S °W* m )> or S0 2 N(R->C(0)R- wherein each 
R .s independently H, (C^alkyl, (C, 7 )cycloalkyl or (C^alky.-^ 
^cycloalkyl, aryl, Het, (C^alkyDa^l or^^alkyDHetorboth R- a re 
covalently bonded together and to the nitrogen to which they are 
attached to form a 5, 6 or 7-membered saturated heterocycle, said 
alkyl, cyclca.kyl, aryl, Het, (C^alkyhaiy. or (C^alkyOHet or 
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heterocycle being optionally substituted with R 160 ; 

e) NR 111 R 112 wherein R 111 is H, (C^)alkyl, (C^cycloalkyl or (C,. 
eJalkyHCg^cycloalkyl, aryl, Het, (C^alkyl)aryl or (C^alkyl)Het, and 
R 112 is H, CN, (C^alkyl, (C^cycloalkyl or (C^)alkyl-(C3. 7 )cycloalkyl, 

5 aryl, Het, (C^alkyl)aryl, (C^alkyf)Het , COOR 115 or S0 2 R 115 wherein 

R 115 is (C^alkyl, (dwjcycloalkyl, or (d-6)alkyl-(C3- 7 )cycloalky1, aryl, 
Het, (d^alkyOaryl or (C^alkyOHet, or both R 111 and R 112 are 
covalently bonded together and to the nitrogen to which they are 
attached to form a 5, 6 or 7-membered saturated heterocycle, said 
10 alkyl, cycloalkyl, aryl, Het, (C^alkyl)aryl or (C^alkyl)Het, or 

heterocycle being optionally substituted with R 160 ; 

f) NR 116 COR 117 wherein R 116 and R 117 is each H, (d-6)alkyl, (Cg. 
7 )cycloalkyl, (d-6)alkyl-(C3- 7 )cycloalkyl, aryl, Het, (C^alkyl)aryl or (C,. 
6 alkyl)Het, said (d-6)alkyl, (C^cycloalkyl, (C^)alkyl-(C3. 7 )cycloalkyl, 

15 aryl, Het, (d-6alkyl)aryl or (C^alkyl)Het being optionally substituted 

with R 160 ; 

g) NR 118 CONR 119 R 120 , wherein R 118 , R 119 and R 120 is each H, (C,. 
6 )alkyl, (C 3 . 7 )cycloalkyl, (C^)alkyl-(C 3 . 7 )cycloalkyl, aryl, Het, (d. 
6 alkyl)aryl or (C^alkyl)Het, or R 118 is covalently bonded to R 119 and to 

20 the nitrogen to which they are attached to form a 5, 6 or 7-membered 

saturated heterocycle, or R 119 and R 120 are covalently bonded 
together and to the nitrogen to which they are attached to form a 5, 6 
or 7-membered saturated heterocycle, said alkyl, cycloalkyl, (d- 

6 ) alkyl-(C 3 . 7 )cycl0alkyl, aryl, Het, (C^alkyl)aryl or (C^alkyl)Het or 
25 heterocycle being optionally substituted with R 160 ; 

h) NR 121 COCOR 122 wherein R 121 and R 122 is each H, (d-ejalkyl, (d- 

7 ) cycloalkyl, (d-6)alkyl-(d- 7 )cycloalkyl, a 6- or 10-membered aryl, Het, 
(d^alkyOaryl or (d-6alkyl)Het, said alkyl, cycloalkyl, alkyl-cycloalkyl, 
aryl, Het, (C^alkyl)aryl or (C^alkyl)Het being optionally substituted 

30 with R 160 , or R 122 is OR 123 or N(R 124 ) 2 wherein R 123 and each R 124 is 

independently H, (C^alkyl), (Cg. 7 )cycloalkyl, or (d-eJalkyHd. 
7 )cycloalkyl, aryl, Het, (C^alkyl)aryl or (d-ealkylJHet, or R 124 is OH or 
O(C^alkyl) or both R 124 are covalently bonded together to form a 5, 6 
or 7-membered saturated heterocycle, said alkyl, cycloalkyl, alkyl- 
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«M« m, He,, (C 1<alky „ a ^ or^^Hatandhe^ocy* 
being optionally substituted with R 16D ; 
0CO R »*e, ei „R- ls H 4 c,> IM , ( c,, )cycloaNor(c 

™ "* < C ^*o, ( c,^ M)H e,be*, g „p»o2 
substituted with R 160 ; K y 

(C^KyOanrt and (C^kyflHe, being optaaly subbed w* R'»- 

k) CONR 129 R 130 wherein R 129 fln n t»i3o 

wnerein R and R 130 are independently H, (C t 

s)alkyl, (C, 7 )cycloal k yl, (C 1 >, kyK c, 7 ,cyclo a .k y |, aryl, Met, ( Cl " 
^IkyOary. or (C^lkylJHet, or both R» and R« are covalently 
bonded toget her and to the nitrogen to which they are attached to 
form a 5, 6 or 7-membered saturated heterocycle, said alkyl 
« alkyl-cycloalM, aryl, Met, (C M%W , (c^Het and 
heterocycle being optionally substituted with R"°- 

wherein R- is defined as , „ 2 ^ ^ ^ ^ 

tetrazole, halogen, CN, C^alkyl, haloalkyl, COOR- SO H 

sr- or-, N(R%j S02N(Rl62)zj nr162co ; m 

CON(R^ wherein B * and each r162 js jndependentjy h 
(Malkyl, (C, 7 )cyc.o^ 

3re C ° Va,ent, y bond <* together and to the nitrogen to 
wh,ch they are attached to form a 5, 6 or 7-membered 
saturated heterocycle, 

Alternatively, there is provided a compound of formula la : 

Y R 7 



*'~<XT Z r 



"A 



fl 2 



la 
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wherein R 1 is selected from: 5- or 6-membered heterocycle having 1 to 4 
heteroatoms selected from O, N, and S and phenyl, said heterocycle and phenyl 
being optionally substituted with from 1 to 4 (C^alkyl substituents; 

5 R 2 is selected from: (C^cycloalkyl, (C 3 .7)cycloalkyl(C 1 . 3 )alkyl, and norbornane; 

X is CH or N; 

R 6 is H or (C^ alkyl); 

YisOorS; 

10 B is N or CR S , wherein R s is H or (d-e) alkyl with the proviso that X and B are not 
both N; 

Z is O, N, or NH; 

W is CR 3 R 4 wherein R 3 and R 4 are each independently H, (C,^ alkyl), (C3.7 
cycloalkyl), (C^ alkyl)phenyl, (C^ alkylMC^ cycloalkyl), (C3.7 cycloalkyl)-( alkyl), 

1 5 (C3.7 cycloalkyl)-(C 2 .4 alkenyl), (d. 6 alkyl)-OH, phenyl, CH 2 biphenyl, 5- or 

6-membered heterocycle having froml to 4 heteroatoms selected from O, N, and S, 
9- or 10-membered heterobicycle having 1 to 4 heteroatoms selected from O, N, and 
S, (Ci-e alkyl)-5- or 6-membered heterocycle having froml to 4 heteroatoms selected 
from O, N, and S, or (C^ alkyl)-9- or 10-membered heterobicycle having 1 to 4 

20 heteroatoms selected from O, N, and S, or R 3 and R 4 are covalently bonded 

together to form (C 3 . 7 cycloalkyl), 4-, 5- or 6-membered heterocycle having froml to 4 
• heteroatoms selected from O, N, and S; or when Z is N, either R 3 or R 4 is covalently 
bonded thereto to form a 5-membered heterocycle; 

wherein said alkyl, cycloalkyl, heterocycle, heterobicycle, phenyl are 
optionally substituted with from 1 to 4 substituents selected from: OH, COOH, 
(d* alkyl), (Cm alkenyl), CONH 2 , NH 2 , NH(d-e alkyl), N(C^ alkyl)* 
NHCOCOOH, NHCOCON(d-6alkyl) 2 , NHCOCONH(d-6 alkyl), SH, S(C M 
alkyl), NHC(=NH)NH 2 , and COOfd-ealkyl); 

25 

R 7 is H or (C^ alkyl); 

A is selected from: (Ci^alkyl)CONHaryl, 6- or 10-membered aryl, biphenyl, 5- or 
6-atom heterocycle having 1 to 4 heteroatoms selected from O, N and S, 9- or 
30 , 1 0-membered heterobicycle having 1 to 4 heteroatoms selected from O, N and S; 
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wherein said aryl, biphenyl, first heterocycle, and heterobicycle are all 
optionally substituted with from 1 to 4 substituents selected from: OH, COOH, 
COO(C^)alkyl. (C^alkyl, (C^alkylCOOH, (d« alkyl)(C M alkynyl), ' 
(C^alkyl-hydroxy, phenyl, benzyloxy, halogen, (C^alkenyi, (C^alkenyl- 
(C^alkyl-COOH, 5- or6-membered second heterocycle having 1 to 4 
heteroatoms selected from O, N and S, NH-5- or 6- membered heterocycle . 
having 1 to 4 heteroatoms selected from O, N, and S, 

wherein said second heterocycle and phenyl being optionally 
substituted with from 1 to 4 substituents selected from: (C-e alkyl), 
CF 3 ,.OH, (C^alkyl) COOH, 0(C^alkyl)COOH, (Chalky!) COOfd. 
salkyl), CH 2 phenyl, COO(C^ alkyl), (C^alkylWC^alkyl), COOH, 
NCH(C 1<a lkyl) 2 , NCO(C^ alkyl), NH 2 , NH(C^ alkyl), and N(C,. 6 
alkyl) 2 ; 

halogen, OP0 3 H, benzyl, sulfonamido, SH, SOCH 3 . S0 3 H, S0 2 CH 3 , S(C^ 
alkyl)COOH, -CONH 2 , -COCH 3 , (C^alkyl, (C M alkenyl)COOH 

wherein said alkenyl is optionally substituted with from 1 to 2 
(C^e alkyl) substituents, 
(C^alkenyOCOOfC^alkyl), tetrazolyl, COOH, triazolyl, OH, N0 2 , NH 2 , 
-0(CH 2 ) p COOH, hydantoin, benzoyleneurea, (C M )alkoxy, (C M )alkoxy(C^ 
alkyt)COOH, cyano, azido, -0-(C^)alkyl COOH, -0-(C^)alkyl 
COO-(C^)alkyl, -NHCOCOOH, -NHCOCONHOH,-NHCOCONH 2 
-NHCOCONHCH 3 , -NHCO(C^)alkyl-COOH, -NHCOCONH(C^)alkyl-COOH, 
-NHCO^cycloalkyl-COOH, -NHCONH^^oJaryl-COOH, - NHCONHfQ, ' 
loJaryl-COOfC^alkyl, - NHCONH(C^)alkyl-COOH,- NHCONH(C^)alkyl- 
COOfC^alkyl, - NHCONHfC^alty-fC^alkenyl-COOH, - NH(C^)alkyl-(C 6 
loJaryl-OfC^alkyl COOH, - NH(C^)alkyl-(Ce. 10 )aryl-COOH, -NHCH 2 COOH, 
-NHCONH 2 , -NHCO(C^)hydroxyalkyl COOH, -OCOfC^hydroxyalkyl 
COOH, (C^)cycloalkyl COOH, 

C00H , Lo .-NHCN," 
-NHCHO, -NHS0 2 CH 3 , -NHS0 2 CF 3 , coumarin, (C, 6 )alkyl-amino, 
di^d^alkyl-amino, C(halogen) 3 , -NH(C 2 ^)acyl, -NH(C^ 10 )aroyl, 
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-CONH(Ci-6alkyl), -CO(C^)alkyl-COOH, -CONHfC^alkyl-COOH, 
-CO-NH-alanyl, -CONH^JalkylNCC^alkyl^, -CONH(Cm) alkyl-Het 
-CONH(C 2 ^) alkyl-(COOH)-Het-CONH(C^ alkyl) (OH)(C^ 2 alkyl) OH, 
-CONH(C^) alkyl-COOH, -CONH^o aryl), -CONH-Het 
5 -CONH(C 6 . 10 ) aryl-COOH, -CONH(C6-i 0 ) aryl-COO(C^) alkyl, 

-CONH(C 1:6 ) alkyl-COO(C^) alkyl, -CONH(C 6 -i 0 ) aryl-(C^)alkyl-COOH, 
-CONH(C6. 10 ) aryl-(C 2 ^)alkenyl-COOH, 
or salt thereof. 

10 In a second aspect of the invention, there is provided a compound of the Formula I, 
or a pharmaceutical^ acceptable salt thereof, as an inhibitor of RNA dependent RNA 
polymerase activity of the enzyme NS5B, encoded by HCV. 

In a third aspect of the invention, there is provided a compound of the formula I, or a 
15 pharmaceutical^ acceptable salt thereof, as an inhibitor of HCV replication. 

In a fourth aspect of the invention, there is provided a method of treating or 
preventing HCV infection in a mammal, comprising administering to the mammal an 
effective amount of a compound of formula I, or a pharmaceutical^ acceptable salt 
20 thereof. 

In a fifth aspect of the invention, there is provided a pharmaceutical composition for 
the treatment or prevention of HCV infection, comprising an effective amount of a 
compound of formula I, or a pharmaceutical^ acceptable salt thereof, and a 
25 pharmaceutical^ acceptable carrier. 

In a sixth aspect of the invention, there is provided a method of treating or preventing 
HCV infection in a mammal, comprising administering to the mammal an effective 
amount of a compound of formula I, or a pharmaceutical^ acceptable salt thereof in 
30 combination with another anti-HCV agent. 

In a seventh aspect of the invention, there is provided a use of a compound of 
formula I, for the manufacture of a medicament for the treatment of HCV infection. 

35 In a eighth aspect of the invention, there is provided a use of a compound of formula 
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5 



wherein R\ R 2 , R 3 R 4 B W 
to thereof. ' ' ^ Z are as defl ^ herein, or a derivative 




15 wherein R 1 r 2 R 3 r4 7 

' " • n > " . R , A, B. D. X. Y 1 V 2 an^ V 

derivative thereof. » ' » • and Z are as defined herein, or a 




wherein R 1 , R 2 r 3 r 4 A 

comprising: ' ' and 2 are as ^ned herein, 

a) removing, in a mixture of i 



^ aqueous base or an aqueous aci, 



acid in a co- 
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solvent, the protecting group (PG) from: 




PG 



wherein R 1 , R 2 , R 3 , R 4 , R 7 , A, B, D, X, Y 1 , Y 2 and Z are as defined herein, and 
wherein PG is a carboxylic acid protecting group, so as to produce compounds of 
5 formula I. 

In a thirteenth aspect of the invention, there is provided a process for producing 
compounds of formula I, 



10 wherein R\ R 2 , R 3 , R 4 , R 7 , A, B, D, X, Y 1 , Y 2 and Z are as defined herein, 
comprising: 

a) cleaving, under acidic conditions, intermediate compound l(ii) 



so as to produce compounds of formula I, where R\ R 2 , R 3 , R 4 , R 7 , A, B, D, X, Y 1 
15 and Y 2 are as defined herein. 

In a fourteenth aspect of the invention, there is provided a process for producing 
compounds of formula I, 





i(H) 
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herein R<, R*. * . R 4 , A, B, D, X and Z are as deflned herein 
comprising: 

0 coupling intermediate compound of formula (i): 

o r\r a 
r i_ < / N Y B Y A Z X cooh 

R 2 



10 Detailed description ofthe invention 
Definitions 

The following definitions apply unless otherwise 



noted: 



rrra -^ guP rrr:jrrrar~ 

metnyipropyU-methylpropyl.i.i-dimethylethyl. 



20 



As used herein, the term "(C =1 aikonwi" 

rsrii^. ■ •> I y ' th6r a,one or in combination with another 



group is ,n tended to mean an unsaved, acyclic straight chain sp hybhdked 
radical containing 2 to six ca*on atoms. 

atZ 1 7?' ** ^ "'^ ^ 0a,W « >" with 

another ladica,, ^ a radtea , from * 

30 atoms and mciudes cyciopropyt, „. cyCopan*. „ and ^ 
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As used herein, the term n (C^ 7 )cycloalkenyI n , either alone or in combination with 
another radical, means an unsaturated cyclic radical containing five to seven carbon 
atoms. 

5 As used herein, the term "carboxy protecting group" defines protecting groups that 
can be used during coupling and are listed in Greene, "Protective Groups in Organic 
Chemistry", John Wiley & Sons, New York (1981) and "The Peptides: Analysis, 
Synthesis, Biology", Vol. 3, Academic Press, New York (1981), the disclosures of 
which are hereby incorporated by reference. 

The a-carboxyl group of the C-terminal residue is usually protected as an ester 
(CPG) that can be cleaved to give the carboxylic acid. Protecting groups that can be 
used include: 1) alkyl esters such as methyl, trimethylsilylethyl and t-butyl, 2) aralkyl 
esters such as benzyl and substituted benzyl, or 3) esters that can be cleaved by 
15 mild base treatment or mild reductive means such as trichloroethyl and phenacyl 
esters. 

As used herein, the term "aryP, or n 6- or 10-membered aryl" either alone or in 
combination with another radical means aromatic radical containing six or ten carbon 
20 atoms, for example phenyl or naphthyl. 

As used herein the term heteroatom means O, S or N. 

As used herein, the term "heterocycle", either alone or in combination with another 
25 radical, means a monovalent radical derived by removal of a hydrogen from a five-, 
six-, or seven-membered saturated or unsaturated (including aromatic) heterocycle 
containing from one to four heteroatoms selected from nitrogen, oxygen and sulfur. 
Furthermore, "heterobicyclic" as used herein, means a heterocycle as defined above 
fused to one or more other cycle, be it a heterocycle or any other cycle. Examples of 
30 such heterocycles include, but are not limited to, pyrrolidine, tetrahydrofuran, 
thiazolidine, pyrrole, thiophene, coumarin, hydantoin, diazepine, 1 H-imidazole, 
isoxazole, thiazole, tetrazole, piperidine, 1,4-dioxane, 4-morpholine, pyridine, 
pyridine-N-oxide, pyrimidine, thiazolo[4,5-b]-pyridine, quinoline, or indole, or the 
following heterocycles: 
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25 



S > ' , N— U , N-N 

As used herein, the term "9- or 10-membered heterobicycle" or "heterobicycle" either 
alone or in combination with another radical, means a heterocycle as defined above 
fused to one or more other cycle, be it a heterocycle or any other cycle. Examples of 
such heterobicycles include, .but are not limited to, thiazolo[4,5-b]-pyridine, quinoline, 
or indole, or the following: 

^ CO GO* CO o> 




As used herein, the term "Het" defines a 5- or 6-membered heterocycle having 1 to 4 
. heteroatoms selected from O, N, and S, or a 9- or 10-membered heterobicycle 
having 1 to 5 heteroatoms wherever possible, selected from O, N and S. 

1 5 As used herein, the term "halo" means a halogen atom and includes fluorine, 
chlorine, bromine and iodine. 

As used herein, the term "haloalkyl" is intended to mean an alkyl that is described 
above in which each hydrogen atom may be successively replaced by a halogen 
20 atom, for example CH 2 Br or CF 3 . 

As used herein, the term "metal halide" is intended to mean any metal that is bonded 
to a halogen atom for use in a metal-catalyzed cross-coupling reaction. Examples of 
such metal halides include, but are not limited to, -MgCI, -CuCI, or -ZnCI and the like. 



As used herein, the term "OH" refers to a hydroxy! group. It is well known to one 
skilled in the art that hydroxyl groups may be substituted by functional group 
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equivalents. Examples of such functional group equivalents that are contemplated 
by this invention include, but are not limited to, ethers, sulfhydryls, and primary, 
secondary or tertiary amines. 

5 As used herein, the term "SIT refers to a sulfhydryl group. It is intended within the 
scope of the present invention that , whenever a n SH D or D SR D group is present, it 
can also be substituted by any other appropriate oxidation state such as SOR, 
S0 2 R, or S0 3 R. 

10 It is intended that the term "substituted" when applied in conjunction with a radical 
having more than one moiety such as C^alkyl-aryl, or Ci-ealkyl-Het, such 
substitution applies to both moieties i.e. both the alkyl and aryl orHet moieties can 
be substituted with the defined substituents. 

15 As used herein, the term "COOH" refers to a carboxylic acid group. It is well known 
to one skilled in the art that carboxylic acid groups may be substituted by functional 
group equivalents. Examples of such functional group equivalents that are 
contemplated by this invention include, but are not limited to, esters, amides, boronic 
acids ortetrazole. 

20 

As used herein, the term "functional group equivalent" is intended to mean an 
element or a substituted derivative thereof, that is replaceable by another element 
that has similar electronic, hybridization or bonding properties. 

25 As used herein, the term "metal catalyst" is intended to mean a metal such as 
palladium (0) or palladium (2) that is bonded to a leaving group for use in a cross- 
coupling reaction. Examples of such palladium catalysts include, but are not limited 
to, Pd(Ph 3 ) 4 , Pd/C, Pd(OAc) 2f PdCI 2 , and the like. Alternative metals that can 
catalyze cross-coupling reactions include, but are not limited to: Ni(acac) 2 , Ni(OAc) 2 , 

30 or NiCI 2 . 

As used herein, the term "derivative" is intended to mean "detectable label", "affinity 
tag" or "photoreactive group". The term "detectable label" refers to any group that 
may be linked to the polymerase or to a compound of the present invention such that 
35 when the compound is associated with the polymerase target, such label allows 
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"*°S*>n ^mmmmm of the compound such that it can be detected 
measured end q uar«ed. ^ of sucn ^ ^ inte ^ 

noticed ,o, tluorescentlabek, chemiiuminescentiabels, coionme.ric t£ 
are ettached ,o me compound or to the polymerase by we,, Known methods 

~T w """ a " 9a * <tha * is ,inked to - -*»—-«. • 

compound o, present ,nven 8 „n, whose strong affinity ,or a receptor can be used 

suit, " " " M " ^ "* '° " M * «» te — * ^p es o 
such trgands rndude b«n ore denva«ve thereof, a hisMne po,yp eptide 

10 Pennine, an amyfose sugar moieiy or a de fi „ed ep»ope . 
polymerase by well-known methods. 

MghUromen, n e rtg roup t oareao«vespec 1 es,suchasa fr ee ra «. Examples 
o. such groups Include, bu, are no, iimited ,o, benzophenones, azides, andTC 

As used herein, the tem, ■phannaceullce.y acceptable self includes those derived 

,o Is — " aCC6P,ab,ebaSeSand,S ~ ^mpieso s~ 
base .nciude choline, examine end ethyienedlamine. Na', K* and cT alts 

-'-^afedtobew^inthascopeoftheirwendon^osT 
Pharmaceutical salts, Blrge, S.M. et al., J, Pharm. Sci,, (1977) 66 ,., 9 

incorporated herein by reference). 

25 Preferred embodiments 

Preferably, compounds o, me present invention have the Wowing formula , as 
defined above, wherein preferably: muiaias 
^is selected ^omt (Crfcycioafcyi, (C^oaiKenyt, 6 or fO-memberad a* or 

^' <*°'w^hbeing.p a ona,,ysubs«u,edwi t h,or 2 ha,ogenor,rom 1 2 
30 substttuents selected from: 'orrromior2 

^ it ^ ' ( °:: )CyCtoa,W ^cb option^ subbed 

7LT ' wherein R " te H <c « "w**-* - (c 

6)alkyl-(C3. 7 )cycloalky|; K 1 ' 

b) ° R ';^R»isH,,c M a^^ 

rfcydoalkyl, a 6- or 10-membered aryl, or Het; and 
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f) a 6- or 1 0-membered aryl, or Het said aryl or Het being optionally 
substituted with (Chalky!, (C^cycloalkyl or (C 1 ^)a!kyl-(C 3 . 
7 )cycloalkyl. 

5 More preferably, R 1 is selected from: 6 or 10-membered aryl, or Het each of which 
being optionally substituted with 1 or 2 halogen or with 1 or 2 (C^alkyl or (C 2 . 
6 )alkenyl. 



10 



Most preferably, R 1 is phenyl or Het optionally substituted with (C^alkyl. 
Even most preferably, R 1 is: 

Cr 1 ' Or O* Vs- Ok, 



CI, n 





15 Still, even most preferably, R 1 is: 



9" <f (X 

, or ^ 



Preferably, R 2 is selected from (C 3 . 7 )cycloalkyl, (C6. 10 )bicycloalkyl, each optionally 
substituted with 1 or 2 substituents selected from: 
20 a) halogen, (Chalky!, OH and (C^alkoxy. 

More preferably, R 2 is selected from (C^cycloalkyl, (Ce-^bicycloalkyl, each 
optionally mono- or di-substituted with halogen or (C,^)alkyl. Most preferably, R 2 is 
selected from (C^cycloalkyl or (Ce-^bicycloalkyl. Even most preferably, R 2 is 




25 cyclopentyl, cyclohexyl, or . Still, even most preferably, R 2 is cyclopentyl 
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or cyclohexyl. 

Preferably, B is N or CR 5 , wherein R s is H, halogen, haloalkyl or (C^alkyl. More 
preferably, B is N, CH or C-(C„ alkyl). Most preferably, B is N, CH or C(Me). Even 
5 most preferably B is CH. 

Preferably, X is N, CH or C( Cl . 6 ) alkyl. More preferably, X is N, CH or C(Me). Most 
preferably, X is N or CH. Even most preferably, X is CH. 

10 Preferably, D is CR 5 , wherein R s is H, halogen, haloalkyl, or (Chalky!. More 
preferably, D is CH or C(Me). Most preferably, D is CH. 

Preferably, Y 1 is O. 
Preferably, Y 2 is O. 
1 5 More preferably both Y 1 and Y 2 are O. 

Preferably, Z is N, or NH or O. More preferably, Z is NH or O. Most preferably Z is 
NH. y ' 

20 Preferably, R 3 and R 4 are each independently H, (Chalky!, first (C^cycloalkyl, 6- 
or 10-membered aryl, Het (C^alkyl-G- or 10-memberedaryl, (C^alkyl-Het; 
or R 3 and R 4 are covalently bonded together to form second (C^cycloalkyl or a 5- or 
6-membered heterocycle having froml to 4 heteroatom selected from O, N, and S; 
wherein said alkyl, first and second cycloalkyl, aryl, Het (C^)alkyl-aryl, 
25 (C^)alkyl-Het or heterocycle are optionally substituted with: 1 or 2 

substituents selected from: 

a) (C^alkyl, (C^cycloalkyl or (C^)alkenyl; and 
c) OR 31 or COOR 31 , wherein R 31 is H or (C^alkyl; 

30 or when Z is N, both R 3 or R 4 are covalently bonded thereto to form a nitrogen- 
containing 5-or 6-membered heterocycle. 

More preferably, R* and R 4 are each independent^ H, (C^alkyl, (^cycloalkyl, 
phenyl, Het (C^alkyl-aryl or (C^)alkyl-Het; 
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or R 3 and R 4 are covalently bonded together to form cyclopropyt, cyclobutyl, 
cyclopentyl or cyclohexyl, 5- or 6-membered heterocycle having from 1 or 2 
heteroatom selected from N or S; 

wherein said alkyl, cycloalkyl, aryl, Het (C^alkyl-aryl, (C^alkyl-Het 
5 cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl or heterocycle are optionally 

substituted with from 1 or 2 substituents selected from: 

a) (C^alkyl, (C^cycloalkyl, or (C 2 ^)alkenyl; and 
c) OHorCOO(C^)alkyl. 

10 Most preferably, R 3 and R 4 are each independently H, (C^)alkyl, (C^cycloalkyl, (C,. 

6)alkyl-(C3. 7 )cycloalkyl, phenyl, Het (C^alkyl-phenyl, (C^)alkyl-Het; 

or R 3 and R 4 are covalently bonded together to form cyclopropyl, cyclobutyl, 

cyclopentyl or cyclohexyl all optionally substituted with OH, (C,^ alkyl) or (C 2 . 

4 )alkenyl; or R 3 and R 4 form a piperidine or a pyrrolidine both optionally substituted 
1 5 with (Ci.6 alkyl) or COO(C^)alkyl. 

Even most preferably, R 3 is H or (C^alkyl and R 4 is H, (C^)alkyl, (C^cycloalkyl, 
(C^)alkyl-phenyl, phenyl, (d^alkyHC^cycloalkyl, or (C^alkyl-biphenyl. 

20 Still most preferably R 3 and R 4 are both H or both CH3; 
or R 3 is H and R 4 is selected from: 




sz.sT. o.0. 0.9.0 60 

' » 1 « » 1 > J 
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5 



Preferably, R 7 is H or (C,, alkyl). More prefers^, R 7 is H or Me. Most preferably, R 7 

IS Tt. 



Preferably, A is 6- or 10-membered aryl, Het or (C^alkyl-CONH-aryl, said aryl and 
Het being optionally substituted with: 

0 , -halogen, or 
- 1 to 2 substituents selected from: 

1 ° a) (Cl " e) alkyl ' < Cl ^ "aloalkyl, (C^cycloalkyl, (C^)alkenyl, (C 2 . 

8 )alkynyl, all of which are optionally substituted with: 

- (C^alkyl or (C 3 . 7 )cycloalkyl, both optionally substituted 
with a 6 or 10-membered aryl or Het; 

- OR 101 or COOR 101 wherein each R 101 is independentfy H or 
15 (Ci-6)alkyl; 

b) OR 1M wherein R 104 is H or (C^alkyl) optionally substituted with- 
COOHorCOO(C^)alkyl; 

d) SR 108 , wherein R 108 is H or (Chalky! optionally substituted with 

COOH orCOOfC^alkyl; 
20 e) NR^R- wherein R 1 » and *"> are both H; or R'« is H and 

R 112 is Het optionally substituted with (C^alkyl or COOR 115 
wherein R 115 is H, (C^alkyl, (C^cycloalkyl, or (C^)alkyl-(C 3 . 
7 )cycloalkyl; 

j) tetrazole, COOH or COOfC^alkyl; 
25 k) CONR-R- wnerejn R129 and R1M are ^ jndepender% H Qr 

(C^)alkyl optionally substituted with COOH or COOfC^alkyl; and 
I) 6- or 10-membered aryl or Het said aryl or Het being optionally 
substituted with from 1 to 4 substituents selected from: 
0 (C,. 6 )alkyl or haloalkyl; 
30 B) OR'Win R'« is H> or (Chalky!) optionally 

• substituted with COOH or COO(C^)alkyl; and 
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COOR 
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NR 111 R 112 or CON(R 129 R 130 ) 2 , wherein R 128 , 



R 111 , R 112 , R 129 and R 130 are independently H or (C,. 
6 )alkyl. 



5 More preferably A is a 6- or 10-membered aryl, or Het said aryl or Het being 
optionally substituted with: 
-halogen, or 

- 1 to 2 substituents selected from: 

a) (C^) alkyl, (C 2 ^)alkenyl, (C^alkynyl, said alkyl and alkenyl being 
10 optionally substituted with: 



Most preferably, A is phenyl, indole, benzofuran, benzothiophene, coumarin or 
20 quinolone, all of which being optionally substituted with: 
-iodine, or 

- 1 to 2 substituents selected from: 

a) (C^) alkyl, (C 2 . 6 )alkenyl, (C 2 ^)alkynyl, said alkyl and alkenyl being 
optionally substituted with: 
25 - OH, (C^)alkoxy, or COOH; 



15 



- OH, (Ci^)alkoxy, or COOH; 
b) OHorO(C^)alkyl)COOH; 
d) SHorS(C,^)alkylCOOH; 
j) tetrazole or COOH; and 
I) furan or thiazole mono or di- substituted with: 



i) (C^alkyl; or 



iii) COOHorCONH 2 . 



b) OHorO(C^)alkyl)COOH; 
d) SHorS(C^)alkylCOOH; 
j) COOH; and 



30 



I) furan or thiazole mono or di- substituted with: 
i) (d^alkyl; or 
iii) COOHorCONH 2 . 



Even most preferably A is 
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Sill, even most preferably A is selected from: 



5 




Preferably, compounds of the invention have the following formula: 




10 wherein R 3 and R 4 are each independently H f (C^)alkyl, first (C^cycloalkyl, 6- or 
10-membered aryl, Het (C^)alkyl-6- or 10-membered aryl, (C^alkyl-Het; 
or R 3 and R 4 are covalently bonded together to form second (C^cycloalkyl or a 5- or 
6-membered heterocycle having froml to 4 heteroatom selected from O, N, and S; 
wherein said alkyl, first and second cycloalkyl, aryl, Het . 
15 (C^alkyl-aryl, (d^)alkyl-Het or heterocycle are optionally substituted with 

from 1 or 2 substituents selected from: 
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a) (C^)alkyl, (C3- 7 )cycloalkyl or (C 24 )alkenyl; and 

c) OR 31 or COOR 31 , wherein each R 31 is independently H or (C^ 
6 )alkyl; and 

5 A is a 6- or 1 0-membered aryl, Het, or (C^) alkyl-CONH-aryl, said aiyl or Het being 
optionally substituted with: . 

0 , halogen, or 
- 1 to 2 substituents selected from: 

a) (C^) alkyl, haloalkyl, (C^cycloalkyl, (C 2 ^)alkenyl, (C 2 . 8 )alkynyl, all of 
1 0 which are optionally substituted with: 

i 

- (Chalky!, (C^cycloalkyl, both optionally substituted with a 6 or 10- 
membered aryl, or Het; 

b) OR 101 , orCOOR 101 wherein R 101 is H or (C^)alkyl; 

b) OR 104 wherein R 104 is H or (C^alkyl) optionally substituted with: COOH or 
15 COO(C 14 )alkyl; 

c) SR 108 wherein R 108 is H or (C^)alkyl optionally substituted with COOH or 
COOfC^alkyl; 

d) NR 1,1 R 112 wherein both R 111 and R 112 are H; or R 111 is H and R 112 is Het 
optionally substituted with (C^alkyl or COOR 115 wherein R 115 is H, (d. 

20 6 )alkyl, (C 3 . 7 )cycloalkyl, or (C^alkyHC^cycloalkyl; 

. e) COOH or COOfC^alkyl; and 

f) CONR 129 R 130 wherein R 129 and R 13B are independently H or (C^)alkyl 
optionally substituted with COOH or COO(C^)alkyl; and 

g) 6- or 10-membered aryl or Het said aryl or Het being optionally substituted 
25 with from 1 to 4 substituents selected from: 

i) (C^alkyl or haloalkyl; 

ii) OR 104 - wherein R 104 is H or (C^alkyl) optionally 
substituted with COOH or COO(C^)alkyl; and 

Hi) COOR 128 , NR 11, R 112 or CON(R 129 R 130 ) 2 , wherein R 128 , 
30 R 111 . R 112 , R 129 and R 130 are independently H or (C,. 

6 )alkyl. . 



Preferably, compounds of the invention have the following formula: 
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wherein 

R 1 is selected from: (C^cycloalkyl, (C^cycloalkenyl, 6 or 10-membered aryl or Het 
each of which being optionally substituted with 1 or 2 halogen or from 1 or 2 
5 substituents selected from: 

a) (Ci-eJalkyl, (C 2 ^)alkenyl, (C^cycloalkyl, each optionally substituted 
with OR 11 or SR 11 wherein R 11 is H, (C^ alkyl), (C 3 . 7 )cycloalkyl, or (Ci- 

6 ) alkyl-(C3-7)cycloalkyl; 

b) OR 13 wherein R 13 is H, (C^ alkyl), (C^cycloalkyl, (C 1 ^)alkyl-(C 3 . 
10 7 )cycloalkyl, a 6- or 10-membered aryl, or Het; and 

f) a 6- or 10-membered aryl, or Het said aryl or Het being optionally 
substituted with (d-^alkyl, (C 3 - 7 )cycloalkyl or (C^alkyHCs- 

7 ) cycloalkyl; 

f 

15 R 2 is selected from (C 3 . 7 )cycloalkyl, (C 6 . 10 )bicycloalkyl J each optionally substituted 
with 1 or 2 substituents selected from: halogen, (C^alkyl, OH, and (C^)alkoxy; 

R 3 and R 4 are each independently H, (Chalky!, first (C^cycloalkyl, 6- or 10- 
membered aryl, Het (C^alkyl-S- or 10-membered aryl, (C^alkyl-Het; 
20 or R 3 and R 4 are covalently bonded together to form second (C 3 _ 7 )cycloalkyl, 5- or 6- 
membered heterocycle having froml to 4 heteroatom selected from O, N, and S; 
wherein said alkyl, first and second cycloalkyl, aryl, Het (d. 6 )alkyl-aryl, (d. 
6 )alkyl-Het or heterocycle are optionally substituted with from 1 or 2 
substituents selected from: 
25 a) (d-ejalkyl, (C^cycloalkyl or (C 2 ^)alkenyl; and 

c) OR 31 or COOR 31 f wherein R 31 is H or (C^)alkyl; and 
A' is a 6- or 10-membered aryl, Het, or (C^) alkyl-CONH-aryl, said aryl or Het being 
optionally substituted with: 
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0 , halogen, or 
- 1 to 2 substituents selected from: 

a) (d- 6 ) alkyl, (C^) haloalkyl, (C^cycloalkyl, (C 2 . 6 )alkenyl, (C 2 . 
8 )alkynyl f all of which are optionally substituted with: 
5 second (d^)alkyl or second (C^cycloalkyl, said second alkyl 

or second cycloalkyl being optionally substituted with a 6 or 
10-membered aryl or Het; 

b) OR 101 or COOR 101 wherein each R 101 is independently H or 
(C^)alkyl; 

10 b) OR 104 wherein R 104 is H or (Chalky!) optionally substituted with: 

COOH orCOO(d- 6 )aIkyl; 

c) SR 108 , wherein R 108 is H or (d^alky! optionally substituted with 
COOH orCOO(C^)alkyl; 

d) NR 111 R 112 wherein R 111 and R 112 are both H; or R 111 is H and 

15 R 112 is Het optionally substituted with (d„ 6 )alkyl or COOR 115 wherein 

R 115 is H, (d^alkyl, (C 3 - 7 )cycloalkyl, or (d^)alkyl-(C3- 7 )cycloalkyl; 
COOHorCOO(d-6)alkyl; 

e) CONR 129 R 130 wherein R 129 and R 130 are each independently H or 
(C^)alkyl optionally substituted with COOH or COO(d_6)alkyl; and 

20 . f) 6- or 10-membered aryl or Het, said aryl or Het being optionally 

substituted with from 1 to 4 substituents selected from: 

i) (d-e)alkyl or haloalkyl; 

ii) OR 104 -wherein R 104 is H, or (C^)alkyl) optionally 
substituted with COOH or COO(d.6)alkyl; and 

25 iii) COOR 128 , NR 111 R 112 or CON(R 129 R 130 ) 2 , wherein R 128 , 

R 111 f R 112 , R 129 and R 130 are independently H or (d. 
6 )alkyl. 



Preferably, compounds of the invention have the following formula: 



WO 03/007945 



PCT/CA02/01129 



30 




Q R 3 X R 4 



A' 



IV 



wherein 

D is CH or C(C^)alkyi; 
BisN, CH, orC(C^)alkyl; 
5 R 3 and R 4 are each independently H, (C^alkyl, first (C^cycloalkyl, 6- or 10- 
membered aryl, Het (C^alkyl-O- or 1 0-membered aryl, (C^Jalkyl-Het; 
or R 3 and R 4 are covalently bonded together to form second (C 3 -7)cycloalkyl, 5- or 6- 
membered heterocycle having froml to 4 heteroatom selected from O, N, and S; 



c) OR 31 or COOR 31 , wherein R 31 is H or (C^alkyl; and 
A' is a 6- or 10-membered aryl, Het or (C^) alkyl-CONH-aryl, said aryl or Het being 
15 optionally substituted with: 



10 



wherein said alkyl, first and second cycloalkyl, aryl, Het 

(C^alkyl-aryl, (Ci. 6 )alkyl-Het or heterocycle are optionally substituted with 

from 1 or 2 substituents selected from: 



a) (C^alkyl, (C^cycloalkyl or (C 2 ^,)alkenyl; and 




, -halogen, or 



- 1 to 2 substituents selected from: 



a) (Ce) alkyl, (C M ) haloalkyl, (C 3 .7)cycloalkyl, (C 2 ^)alkenyl, (C 2 . 
8 )alkynyl, all of which are optionally substituted with: 



20 



- second (Ci. 6 )alkyl or second (C^cycloalkyl, said second 



alkyl or second cycloalkyl being optionally substituted with 
a 6 or 10-membered aryl or Het; 



- OR or COOR wherein each R 1 is independently H or 



25 



(C^)alkyl; 

b) OR 104 wherein R 104 is H or (Chalky!) optionally substituted with: 
COOH orCOO(C^)alkyl; 

d) SR 108 , wherein R 1D8 is H or (C^alkyl optionally substituted with 
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COOH orCOO(C^)alkyl; 

e) NR 111 R m wherein R 111 and R 112 are both H; or R 111 is H and 
R 112 is Het optionally substituted with (Chalky! or COOR 115 
wherein R 115 is H, (d^alkyl, (C^cycloalkyl, or (C^alkyHCa. 

5 7 )cycloalkyl; 

f) COOHorCOO(C^)alkyl; 

g) CONR 129 R 130 wherein R 129 and R 130 are each independently H or 
(C^)alkyl optionally substituted with COOH or 000(0, <)alkyl; and 

h) 6- or 10-membered aryl or Het said atyl or Het being optionally 
10 substituted with from 1 to 4 substituents selected from: 

i) (C^)alkyl or haloalkyl; 

ii) OR 10 *wherein R 104 is H, or (C^alkyl) optionally 
substituted with COOH or COOfC^alkyl; and 

iii) COOR 128 , NR 111 R 112 or CON(R 129 R 130 ) 2 , wherein R 128 , 
15 R 11 \ R 112 , R 129 and R 130 are independently H or (C,. 

6 )alkyl. 

Specific embodiments 

Included within the scope of this invention are all compounds of formula I as 
20 presented in Tables 1 to 3. 

Polymerase activity 

The ability of the compounds of formula I to inhibit RNA synthesis by the RNA 
dependent RNA polymerase of HCV can be demonstrated by any assay capable of 
25 measuring RNA dependent RNA polymerase activity. A suitable assay is described 
in the examples. 

Specificity for RNA dependent RNA polymerase activity 

To demonstrate that the compounds of the invention act by specific inhibition of HCV 
30 polymerase, the compounds may be tested for inhibitory activity in a DNA dependent 
RNA polymerase assay. 

When a compound of formula I or one of its therapeutically acceptable salts, is 
employed as an antiviral agent,' it is administered orally, topically or systemically to 
35 mammals, e.g. humans, rabbits or mice, in a vehicle comprising one or more 
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pharmaceutically acceptable carriers, the proportion of which is determined by the 
solubility and chemical nature of the compound, chosen route of administration and 
standard biological practice. 

5 For oral administration, the compound of formula I or a therapeutically acceptable 
salt thereof can be formulated in unit dosage forms such as capsules or tablets each 
containing a predetermined amount of the active ingredient, ranging from about 25 to 
500 mg, in a pharmaceutically acceptable carrier. 

10 For topical administration, the compound of formula I can be formulated in 

pharmaceutically accepted vehicles containing 0.1 to 5 percent, preferably 0.5 to 5 
percent, of the active agent. Such formulations can be in the form of a solution, 
cream or lotion. 

15 For parenteral administration, the compound of formula I is administered by either 
intravenous, subcutaneous or intramuscular injection, in compositions with 
pharmaceutically acceptable vehicles or carriers. For administration by injection, it is 
preferred to use the compounds in solution in a sterile aqueous vehicle which may 
also contain other solutes such as buffers or preservatives as well as sufficient 

20 quantities of pharmaceutically acceptable salts or of glucose to make the solution - 
isotonic. 

Suitable vehicles or carriers for the above noted formulations are described in 
pharmaceutical texts, e.g. in "Remington's The Science and Practice of Pharmacy 0 , 
25 19th ed., Mack Publishing Company, Easton, Penn., 1995, or in "Pharmaceutical 
Dosage Forms And Drugs Delivery Systems", 6th ed„ H.C. Ansel et al., Eds., ' 
Williams & Wilkins, Baltimore, Maryland, 1995. 

The dosage of the compound will vary with the form of administration and the 
30 particular active agent chosen. Furthermore, it will vary with the particular host under 
treatment. Generally, treatment is initiated with small increments until the optimum 
effect under the circumstance is reached. In general, the compound of formula I is 
most desirably administered at a concentration level that will generally afford 
antivirally effective results without causing any harmful or deleterious side effects. 



35 



WO 03/007945 



PCT/CA02/01129 



33 

For oral administration, the compound of formula I or a therapeutically acceptable 
salt is administered in the range of 10 to 200 mg per kilogram of body weight per 
day, with a preferred range of 25 to 150 mg per kilogram. 

5 For systemic administration, the compound of formula I is administered at a dosage 
of 10 mg to 1 50 mg per kilogram of body weight per day, although the 
aforementioned variations will occur. A dosage level that is in the range of from 
about 10 mg to 100 mg per kilogram of body weight per day is most desirably 
employed in order to achieve effective results. 

10 

When the compositions of this invention comprise a combination of a compound of 
formula I and one or more additional therapeutic or prophylactic agent, both the 
compound and the additional agent should be present at dosage levels of between 
about 10 to 100%, and more preferably between about 10 and 80% of the dosage 
15 normally administered in a monotherapy regimen. 



20 



When these compounds or their pharmaceutical^ acceptable salts are formulated 
together with a pharmaceutical^ acceptable carrier, the resulting composition may 
be administered in vivo to mammals, such as man, to inhibit HCV polymerase or to 
treat or prevent HCV virus infection. Such treatment may also be achieved using the 
compounds of this invention in combination with agents which include, but are not 
limited to: immunomodulatory agents, such as a-, p-, 8-, or ^interferons; other 
antiviral agents such as ribavirin, amantadine; other inhibitors of HCV NS5B 
polymerase; inhibitors of other targets in the HCV life cycle, which include but are not 
25 limited to, helicase, NS2/3 protease, NS3 protease, or internal ribosome entry site 
(IRES); or combinations thereof. The additional agents may be combined with the 
compounds of this invention to create a single dosage form. Alternatively these 
additional agents may be separately administered to a mammal as part of a multiple 
dosage form. 



30 



Methodology and Synthesis 

Benzimidazole derivatives or analogs according to the present invention can be 
prepared from known starting materials by following Scheme 1, shown below 
wherein R 1 , R 2 , R 3 , R 4 , R 7 , and A are as described herein. 



35 
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Scheme 1 
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2. NaOH 
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or 



N^COOPG 
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coupling agent 
then deprotection 



coupling 
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R 1 — (/ 
R 2 



COOH 



Compound of formula I 



A-NH 2 

or H^A-COOPG 



coupling 
agent 



deprotection (if necessary) 
and purification 



wherein PQ is a protecting 
group 



In carrying out the route illustrated in Scheme 1 , a suitably protected form of 4- 
5 chloro-3-nitrobenzoic acid or 4-fluoro-3-nitrobenzoic acid is reacted with a primary 
amine R 2 NH 2 . Amines are of commercial sources or can be prepared by literature 
methods. This reaction is carried out in a suitable solvent such as DMSO, DMF or 
the like, at temperatures ranging from 20 °C to 170 °C, or alternatively without 
solvent by heating the two components together. The nitro group of these 
10 derivatives is subsequently reduced to the corresponding aniline, using a reducing . 
agent such as hydrogen gas or a formate salt in the presence of a catalyst (e.g. Pd 
metal and the like), metals in the presence of mineral acids (e.g. Fe or Zn with 
aqueous HCI), or metal salts (SnCI 2 ). The diamino derivatives that are obtained are 
condensed with commercially available aldehydes R 1 CHO in the presence of an 
15 oxidizing agent (e.g. air, oxygen, iodine, oxone®, quinones, peroxides etc.) to give 
benzimidazole 5-carboxylates. 

Alternatively, other methods for benzimidazole ring construction can be employed, 
such as condensation of the diamino derivatives with carboxylic acids, nitrites or 
amides, in the presence or absence of a catalyst. Such methods are well known in 
20 the literature to those skilled in the art. Saponification of the ester protecting group 
of such derivatives using alkali metal hydroxides, followed by neutralization with 
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weak acids (e.g. AcOH) generates free 5-carboxybenzimidazoles 

Alternately, 5-carboxybenzimidazo.e derivatives such as those described above 

can be prepared on a solid support as described in Scheme 2: 

Scheme 2 

o oxalyl chloride 

^YV-oh D MF(cat)/anh.CH,CI, oju^X <? 

F ""Ti F 

(ps; 



Wang resin 



1- R^NHj . DIEA O jgg. 0 

7DMSO H ' N W l n J ® 1-R'CHO,Chloranll/DM F N^^J.^ 

Z-SnC^.Hp/ DMF X J *"S0%TFA/DCE r'^ Yj™ 1 

in carrying out the synthetic route „| u5tra fcd m 2 , 4 -nuoro-3-nitrobe„zolo ■ 

ac,d . converted tc the acid chloride derived using standard procedures (e g 
throny, chloride, „xa W chloride, phosgene and the like ,„ the p res enoe o, a catayfc 
to amour o, DMF) in an Inert soh-ent sue* as DCM. Wang nasin te esferihed * lis 
aad chionde , by condensate in the preaence of an orgatric terte- amine auch as 
EW -V^ethytmomholine. DIEA and me like. Other types of resins are well known 
to tttose stalled in me art, for example Rink resin, which may be functional^ 
-outdeviafcgfmmmescopeofBteinvenBon. The functealteed resin thus 
obtatned s men eiaborafed ,o resound benamidazole cariooxyiate derives as 
desenbed above for the sorbose chem,s.n. Cleavage of the bonzlmidazole 
horn the resrn is earned out with strong acids (e.g. WuoroaceBc acid) to give 
benzimidazole 5-carboxyllc acids. 

20 d'etr 8 °' T U ' a ' ^ 66 " y C0nd6nSa,to " " ^~ida 2 ole 

denvattves auch as those deaoHbed above with sutebly protected forms o, an amino 

ac,d denvath, H^CRWCOOPG (where PG serves as a carboxyiic acid profecj 
9mup, e.g. Me, Et, tBu efc.,u,rough tormate of an amide bond. Condensed of 

r 5 I" ^ h 0Xy !? C '' d 42NCR3R4C00PQ accompi^ad uslng standarcI 
-5 peplde bond forming reagents such ae TBTU, HATU, BOP, BroP EDAC DOC 
tsobuty, ohtaroformate, PC, S and the like, or by activation of the carboxy, group by 
common to me corresponding add chloride prior to condensate wim me amino 

(COOPG) to a free carboxylic acid group which is then condensed with amine 
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derivatives of formula H 2 N-A to provide compounds of formula I after removal of any 
remaining protecting groups. 

Alternatively, /V-protected amino acid derivatives of formula PHNCR^COOH 
(where P' is a nitrogen protecting group such as Boc, Cbz, Fmoc and the like) are 

5 coupled to amine derivatives of formula H 2 N-A using standard amide bond forming 
reagents as described above. Following removal of the nitrogen protecting group 
from the amide derivative thus obtained, the free amine can be coupled to 5- 
carboxybenzimidazole derivatives through formation of a second amide linkage as 
described above. Following removal of any remaining protecting groups, 

10 compounds of formula 1 are obtained. 

Alternatively, compounds of formula 1 according to the present invention can be 
prepared on a solid support as described in Scheme 3. 

15 Scheme 3 



+ O 2 N-0-COOH 



Bromo Wang resin 



DMF 



DIEA 



1-SnCI 2 .dihydrate/DMF 
2- 



R 4 



Fmoc-NH C0 2 H 
HATU, DIEA/ DMF 



1-20%piperidine/DMF 
O 



2- tf— (/ 



FmocHN 



R 1 



R R' 



TBTU, DIEA / DMF 
3-TFA 



« 2 -/ll 
R 




O Rv R 4 



11V® 



In carrying out the synthetic route illustrated in Scheme 3, derivatives of formula 
20 0 2 N-A (where A contains a free carboxyl group) are anchored on a solid support. 
Such support includes bromo Wang resin, and attachment is carried put using a 
suitable base such as DIEA, CsF or others well known to those trained in the field of 
peptide synthesis on solid supports. Following reduction of the nitro group to a free 
amine using reducing agents such as hydrogen gas or formate salts in the presence 
25 of a catalyst (e.g. Pd metal and the like), metals in the presence of mineral acids 
(e.g. Fe or Zn with aqueous HCI), or metal salts (SnCI 2 ), the free amine is coupled to 
a suitably /V-protected form of an amino acid of formula PHNCR 3 R 4 COOH (P* is an 
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10 



ammo acid protecting group such as Fmoc). Suitable coupling reagents include 
HATU, TBTU, BOP, EDAC, DCC, isobutyl chloroformate and others, in presence of 
an organic tertiary base such as DIEA, EfcN, NMM and the like. Acid chlorides can 
also be used in the case of hindered amino acid derivatives. Following removal of 
the nitrogen-protecting group, the resulting amine is coupled to 5- 
carboxybenzimidazole derivatives with standard amide bond forming reagents as 
descnbed previously. Compounds of formula 1 where A contains a free carboxylic 
acd group are obtained after cleavage from the resin under acidic conditions (TFA 
• MsOH.TfOH and the like). 

EXAMPLES 



15 



The present invention is illustrated in further detail by the following non-limiting 
examples. All reactions were performed in a nitrogen or argon atmosphere 
Temperatures are given in degrees Celsius. Solution percentages or ratios express 
a volume to volume relationship, unless stated otherwise. Flash chromatography 
was carried out on silica gel. Mass spectral analyses were recorded using 
electrospray mass spectrometry. Abbreviations or symbols used herein include- 
DIEA: diisopropylethylamine; 
20 DMAP: 4-(dimethylamino)pyridine; 
DMSO: dimethylsulfoxide; 
DMF: A/,A/-dimethylformamide; 
Et: ethyl; 

EtOAc: ethyl acetate; 
25 Et 2 0: diethyl ether; 

HPLC: high performance liquid chromatography; 
'Pr: isopropyl 
Me: methyl; 
MeOH: methanol; 
30 MeCN: acetonitrile; 
Ph: phenyl; 

TBE: tris-borate-EDTA; 

TBTU:2-(r^benzotria 2 ol-^y|)-N I N,N^N'-tetramethyluroniumtetrafluoroborate; 
TFA: trifluoroacetic acid; 

35 THF: tetrahydrofuran; 
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MS (ES): electrospray mass spectrometry; 
PFU: plaque forming units; 
DEPC: diethyl pyrocarbonate; 
DTT: dithiothreitol 
5 EDTA: ethylenediaminetetraacetate 

HATUrO-^-azabenzotriazol-l-yO-N.N^^-tetramethyluronium 
hexafluorophosphate 

BOP: benzotriazole-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate 

BroP: bromotris(dimethylamino)-phosphonium hexafluorophosphate 
10 EDAC: see EDC 

DCC: 1 ,3-Dicyclohexyl carbodiimide 

DCE: 1,2-dichloroethane 

HOBt: 1-Hydroxybenzotriazole 

ES + : electrospray (positive ionization) 
15 ES": electrospray (negative ionization) 

DCM: dichloromethane 

TBME: fert-butylmethyl ether 

TLC: thin layer chromatography 

CSA: camphorsulfonic acid 
20 AcOH: acetic acid 

EtOH: ethanol 

DBU: 1 ,8-diazabicyclo[5.4.0]under-7-ene 
BOC: fert-butyloxycarbonyl 
Cbz: carbobenzyloxy carbonyl 
25 ^rOH: isopropanol 

NMP: /V-methylpyrrolidone 
NMM: A/-methylmorpholine 

EDC: 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride 
RNAsin: A ribonuclease inhibitor marketed by Promega Corporation 
30 Tris: 2-amino-2-hydroxymethyl-1 ,3-propanediol 
UMP: uridine 5'-monophosphate 
UTP: uridine S'-triphosphate 

Examples 1-21 illustrate methods of synthesis of representative compounds of this 
35 invention. 
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15 



,CO„H 



20 



Example 1: 

1-Cyclohexy|.2-pyridin-2-yl-1H-ben2oimida2ole-5-carboxylicacld- 

6 

) 4-Chloro~3-nitrobenzoic acid, ethyl ester: 

°° N WV _ i! OHiSOC L ^ ^W^OE, 
CI^V^ reflux Cl"^^ 

4-Chloro-3-nitrobenzoic acid (1 00.0 g, 0.496 mole) was suspended in EtOH (250 
mL) and thionyl chloride (54 mL,.0.74 mole) was added drop-wise over 15 min The 
m,xture was then reflux for 2 h. After cooling to ambient temperature, volatiles were 
removed under reduced pressure and the residue was co-evaporated twice with 
EtOH (2 X 250 mL). The residue was crystallized from hot EtOH to give the desired 
ethyl ester as light yellow needles (109.8 g, 96% yield). 

4-Cyclohexylamino-3-nitrobenzoic acid ethyl ester: 

O ON 1 

0 2 Ny^yA oEt cyclohexylamiro 2 ^^( 0Et 

c| Ajl DMSO/eo^ Hljl^^ 

6 

Ethyl 4-chloro-3-nitrobenzoate (20.00 g, 87 mmol) was dissolved in DMSO (50 mL) 
and cyclohexylamine (2.1 equiv. 21 mL, 183 mmol) was added and the mixture 
stirred at 60 °C for 5 h. After cooling to ambient temperature, the reaction mixture 
was added drop-wise with vigorous stirring to water (500 mL). After stirring for an 
add. tl onal 15 min, the precipitated solid was collected by filtration, washed with water 
and dned. The title compound (25.67 g, 100% yield) was obtained as a bright yellow 
solid. 



i-Amino-4-cyclohexylamino benzoic acid ethyl ester: 
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C0 2 Et 



H 2 N 



C0 2 Et 




H 2 (1 atm) 



20% Pd(OH) 2 
MeOH 




10 



15 



The nitro derivative from above (24.28 g, 83 mmol) was hydrogenated (1 atm H 2 ) 
over 20% Pd(OH) 2 on carbon (200 mg) in MeOH (150 mL) for 3 days. The catalyst 
was removed by filtration and volatiles removed under reduced pressure to give the 
title diamine (21.72 g, 100 % yield) as a dark purple solid. 



The diamine from above (3.20 g, 12.2 mmol) was dissolved in DMF (15 mL) and 
water (0.5 mL). 2-Pyridine carboxaldehyde (1 .45 mL, 15 mmol) was added followed 
by oxone® (0.65 equivalent, 8 mmol, 4.92 g). The mixture was stirred 1 h at room 
temperature. Water (60 mL) was added, and the pH of the reaction mixture was 
brought up to 9 by addition of 1 N NaOH. The brown precipitate that formed was 
collected by filtration, washed with water and dried. The crude benzimidazole ethyl 
ester was obtained in 80% yield (3.43 g). 

The ester from above (2.36 g, 7.53 mmol) was dissolved in MeOH (15 mL) and 2 N 
NaOH (20 mmol, 10 mL) was added. The mixture was stirred at 60 °C for 2 h and 
then cooled to room temperature. MeOH was removed under reduced pressure and 
the residue acidified to pH 4 with glacial AcOH. The precipitated carboxylic acid was 
collected by filtration, washed with water and dried to give the free acid as a beige 
solid (2.20 g, 91% yield). 



1<fyclohexyl-2-pyridin-2~yL1H-benzoimidazole'5*arbo^ 
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Example 2 

1-Cyclohexyl-2-(4~{[2^{1-[4-(1-phenyhmetha 

ethylcarbamoyl]-methoxy}-phenyl) 1H-benzimidazole-5-carboxylic acid 



4-Formylphenoxyacetic acid (1 .50 g, 8.32 mmol) in CH 2 CI 2 (25 ml) was stirred at RT 
with TBTU (2.75 g, 8.56 mmol) and DIPEA (2.8 g, 3.8 ml, 20 mmol) before addition 
of tert-butyl N-(2-aminoethyl)carbamate (1 .38 g, 8.60 mmol). After stirring for 2.5 h, 
the solution was concentrated and the residue dissolved in EtOAc. The solution was 
successively washed with 5% water, 5% KHS0 4 , brine and organic phase dried 
(MgS0 4 ). The dried solution was concentrated under reduced pressure to give a 
beige solid, which after purification using flash chromatography on silica gel with 
EtOAc gave the aldehyde as a white solid (2.0 g, 75%). 

The aldehyde derivative from above (3.30g, 10.23 mmol) and the diamine derivative 
of example 1 (0.052 g, 0.1 mmol) were condensed with Oxone using a procedure 
similar to that described in Example 1 above. After removal of the Boc group under 
standard acidic conditions, benzoylbenzoic acid (900mg, 3.98 mmol) and an amide 
bond coupling agent, such as TBTU, were used to form the title compound after 
saponification, under standard conditions, of the carboxyl protecting group. 

Example 3: 

Solid phase synthesis of 5-carboxybenzimidazole derivatives from aldehydes: 



To a solution of the 4-fluoro-3-nitrobenzoic acid (0.12 mol, 22.2 g) in 100 mL of 
anhydrous DCM was added 10 drops of anhydrous DMF. To this solution was 





WO 03/007945 



PCT/CA02/01129 



42 

added drop wise over 60 min, oxalyl chloride (0.144 mol, 12.6 mL). During the 
addition, the solid slowly dissolved to give rise to a yellow solution. The mixture was 
stirred for an additional 4 h and the solvent was stripped down to give a yellow oil. 
This oil was distilled under vacuum (110 °C, 1.5 mm Hg) to give 4-fluoro-3- 
5 nitrobenzoyl chloride as a light yellow liquid (22.0 g, 90% yield). 

On a solid phase synthesizer (Advanced Chemtech ACT 90), Wang resin (Nova 
Biochem, loading: 1 .2 mmol/g, 20 mmol, 1 6.7 g) was washed twice with DCM (1 00 
ml_), twice with APrOH (100 mL) and was dried overnight under high vacuum over 
P 2 0 5 . The following day, the resin was washed with anhydrous DCM (2 x 100 mL) 

10 and was suspended in anhydrous DCM (100 mL). To the suspension was added 
DIEA (30 mmol, 5.2 mL) followed by a solution of 4-fluoro-3-nitrobenzoyl chloride (22 
mmol, 4.48 g) dissolved in 10 ml of anhydrous DCM. The slurry was shaken for 3 h, 
the solution was drained and the resin was washed twice with 100 mL-portions of 
anhydrous DCM. The resin was then suspended in anhydrous DCM (100 mL) and 

15 was treated with DIEA (30 mmol, 5.2 mL) followed by acetic anhydride (24 mmol, 2.3 
mL). After shaking for 2 h, the solution was drained and the resin was washed 
successively with DCM (2 x 100 mL), APrOH (2 x 100 mL), DCM (2 x 100 mL) and 
finally with APrOH (3 x 100 mL). The resin was dried overnight under high vacuum. 
To calculate the level of incorporation, the resin (45.9 mg) was treated with a 1 :1 

20 mixture of TFA/1 ,2-DCE (1 .5 mL) for 1 h. The resin was filtered and was washed 
twice with 1 ,2-DCE (1.5 mL). The filtrates were combined and concentrated under 
vacuum. The residue was lyophilized from MeCN/H 2 0 to give 4-fluoro-3-nitro 
benzoic acid as a yellow solid (6.3 mg, 0.033 mmol). Based on recovered 
compound, the loading was calculated to be 0.74 mmol/g. 

25 

The following steps were performed on a solid-phase synthesizer (ACT 496 from 
Advanced Chemtech), using the 96-well reaction block: 

W^^Xa-® 1 fDM&o' 131 " H * N V*V^O^ 1-R 1 CHO, Chloral 

XJ 2-S"CI 2 .H a O/DMF hh XJ 2.50%TFA/DCE 

30 

Amine addition: 

Each well was filled with the benzoic acid resin from above (0.03 mmol, 40 mg) and 
was washed with DMF (3 x 1 .2 mL) and DMSO (2 x 1 .2 mL). To each well was 
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added DMSO (530 uL), a 1 M solution in DMSO of the amine R 2 -NH 2 (600 uL 0 6 
mmol) and DIEA (0.4 mmol, 70 M L). The resins were shaken for 15 h at room 
temperature and the solvent was drained. The resins were washed successfully with 
1 .2-mL portions of DMF (3 x), MeOH (3 x), and DMF (4 x). 
5 Reduction of the nitro group: 

The resins were then suspended in DMF (600 uL) and were shaken with a 1 M DMF 
solution of SnCI,2 H 2 0 (600 uL, 0.6 mmol) for 25 h. The solvent was drained the 
resms were washed successively with 1.2-mL portions of 1:1 DMF-H 2 0(4x) DMF (4 
x), MeOH (4 x) and NMP (4 x). 
10 Formation of the benzimidazole ring: 

Each resin was suspended in DMF (200 uL) and a 1 M solution of the aldehyde in 
DMF was added (0.20 mmol, 200 uL), followed by a 0.25 M solution ofchloranil in 
NMP (0.20 mmol, 800 uL). The resins were shaken for 18 h, the liquid was drained 
and the resins were washed successively with 1 .2-mL portions of NMP (3 x) 1 M 
15 DIEA/NMP (2 x), NMP (3 x), MeOH (3 x) and DCM (4 x). The reaction block was 
placed in a vacuum chamber for 30 min in order to dry the resin. 
Cleavage from the resin: 

In each well was added 1.0 mL of a 1:1 solution of TFA/1 ,2-DCE and the resins were 
shaken for 1 h. The wells were drained and the resins washed once with 1 0 mL of 
20 the cleavage solution. Vo.ati.es were evaporated in a vacuum centrifuge to give the 
crude benzimidazole 5-carboxylic. 

Example 4: 

Solid phase synthesis of 5-carboxybenzimidazole derivatives from carboxylic 
25 acids: 

V^A ^© 1- R 1 C0 2 H, DIEA, HATU/ DMF-DMSO n 
J J 2- 30% TFA/ 1,2-DCE M _ Jl 

HljTX^ 3- 10% TFA/ 1,2-DCE, 80 °C J^f OH 



6 



6 



30 



The following steps were performed on a solid-phase synthesizer (ACT 496 from 
Advanced Chemtech), using the 96-well reaction block. 

The starting diamine resin was prepared as described in example 3. 
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Each well was filled with resin (0.0203 mmol, 35 mg) and was washed with DMF (3 X 
1 .2 mL). To each well was added a 0.5 M solution of DIEA in DMF (200 uL, 0.1 
mmol), a 0.2 M solution of the acid R r C0 2 H in DMSO (500 uL, 0.1 mmol) and a 0.2 
M solution of HATU in DMF (500 uL, 0.1 mmol). The resins were shaken for 6 h at 
5 room temperature and the solvent was drained. The coupling was repeated for 
another 6 h with fresh reagent. The resins were washed successfully with 1.2-mL 
portions of DMF (3 x), MeOH (3 x), and DCM (3 x). 
Cleavage from the resin: 

In each well was added 1 .0 mL of a 30% solution of TFA/1 ,2-DCE and the resins 
10 were shaken for 1 .5 h. The wells were drained and the resins washed once with 2 
mLof 1,2-DCE. The resulting filtrates containing 10% TFA in 1,2-DCE was heated 
at 80 °C for 13 h. The volatiles were removed under vacuum and the residue was 
lyophilized from MeCN/H 2 0 to give the crude benzimidazole 5-carboxylic acid 
derivatives. 

15 

Example 5: 

3-Cyclohexyl-2-pyridin-2-yL3H-imidazo[4,5-b]pyridine^ 




COOH 



20 Ethyl 5-amino-6-cyclohexylaminonicotinate: 

Ethyl 6-chloro-5-nitronicotinate (1.00 g, 4.33 mmol) prepared according to A. H. 
Berrie et al. (J. Chem. Soc. 1951, 2590) was dissolved in DMSO (2 mL) and 
cyclohexylamine (0.54 g, 5.4 mmol) was added. The mixture was stirred for 1 h at 
room temperature, diluted with water and the yellow precipitate collected by filtration. 
25 The product was washed with water and dried (0.95 g, 74% yield). 

The nitro derivative from above (0.68 g, 2.32 mmol) was hydrogenated (1 atm Hj>) in 
EtOAc (30 mL) over 5% palladium on charcoal (100 mg). After 2 h, the reaction 
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(complete by HPLC) was filtered and concentrated under reduced pressure to give 
the title diamine (0.58 g, 94% yield). 

3.Cyclohexy|.2-pyridin-^ 

5 The diamine from above (0.58 g, 2.2 mmol) and 2-pyridine carboxaldehyde (0.252 g 
2.4 mmol) were dissolved in a mixture of DMF (2 mL) and water (0.1 mL). Oxone® ' 
(1 .24 g, 2 mmol) was added and the mixture stirred for 2 h at room temperature 
The reaction was diluted with 5% aqueous NaHCCv, and extracted with DCM. The 
extract was washed with water and brine, dried (MgS0 4 ) and concentrated to a 
10 brown oil. 

The crude ester was dissolved in MeOH (30 mL) and KOH (300 mg) was added 
The mixture was refluxed for 2 h, cooled and concentrated under reduced pressure 
The residue was dissolved in water (20 mL) and the solution acidified with 4 N HCI 
until complete precipitation of the product as a purple solid. The crude product was 
collected, washed with water, dried, and further purified by preparative HPLC. 

Example 6: 

1 -^olohexyh2.furan^.yl.iH.imidBzo[4,5-b^^ 

HO^^ MeO^ Me0 A^ fc HN-^ 

6 



15 



20 



25 




3-Methoxy-6-methyl-2-nitro-pyridine: 

A solution of 3-hydroxy-6-methyl-2-nitropyridine (4.00 g, 26 mmol) in MeOH - DCM 
(30 mL, 2:1 ratio) was treated with diazomethane in EfeO until all starting material 
was converted to 3-methoxy-6-methyl-2-nitropyridine (TLC). The solution was 
concentrated to dryness to give the desired product as a yellow solid (4.25 g, > 98 % 
yield). 



Methoxy^-nltro-pyridine-2-carboxylic acid methyl ester: 
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A solution of 3-methoxy-6-methyl-2-nitro-pyridine (2.25 g, 13.4 mmol) in HgO 
containing MgS0 4 (5.24 g, 43.7 mmol) was heated to reflux. A solution of KMn0 4 
(5.72 g, 36.2 mmol) was added slowly over a period of 1 h and reflux was maintained 
for an additional 5 h. The reaction mixture was cooled to room temperature and 
5 concentrated ammonia was added (6 mL). The brown solid was filtered and washed 
twice with water. The filtrate was concentrated and the new precipitate formed, 
composed mostly of starting material, was removed by filtration. The filtrate was 
acidified and extracted twice with EtOAc. The combined organic layers were 
washed with brine and dried over anhydrous MgS0 4 , filtered and concentrated. The 
10 residue was taken up in MeOH-DCM (40 mL, 1 :1 ratio) and a solution of 

diazomethane in Et 2 0 was added until a persisting yellow color was observed. The 
solution was then concentrated to dryness and purified by flash column 
chromatography, using a gradient of hexane/EtOAc from 6/4 to 4/6 as the eluent, to 
give 5-methoxy-6-nitro-pyridine-2-carboxylic acid methyl ester (585 mg, 20% yield). 

15 

5- Cyclohexylamino-6-nitro-pyridine-2-carboxylic acid methyl ester: 

A solution of 5-methoxy-6-nitro-pyridine-2-carboxylic acid methyl ester (0.585 g, 2.75 
mmol) and cyclohexylamine (0.636 mL, 5.51 mmol) in DMF (8 mL) was heated at 70 
°C for 20 h. The mixture was poured on brine (50 mL) while mixing vigorously. The 
20 solid formed was filtered, washed with water and then dissolved in EtOAc. The 

solution was washed with water, saturated NaHC0 3 and brine, dried over anhydrous 
MgS0 4l filtered and concentrated to give Scyclohexylamino-6-nitro-pyridine-2- 
carboxylic acid methyl ester as a brown oil (0.558 g) which was used in the 
subsequent step without purification. 

25 

6- Amino-5-cyclohexylamino-pyridine-2-carboxylic acid methyl ester: 

The crude 5-cyclohexyl-6-nitro-pyridine-2-carboxylic acid methyl ester from above ( 
0.530 g, 1.90 mmol) was stirred in EtOH (10 mL) and 10% Pd/C (50 mg), under 1 
atm of H 2 gas at room temperature for 3 days. The suspension was filtered through 
30 a pad of celite and concentrated to dryness. The product was purified by flash 
column chromatography, using a gradient from 60% hexane in EtOAc to 100% 
EtOAc as the eluent, to give 6-amino-5-cyclohexylamino-pyridine-2-carboxyIic acid 
methyl ester (0.210 g, 30% yield). 

35 1 -CycIohexyI-2-furan^3-yl-1 H-imidazo[4,5-b]pyridine-5-carboxylic acid methyl 
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ester: 



To a solution of the methyl ester from above (0.1 00 g, 0.4O mmol) in DMF (3 mL) 
and H 2 0 (0.300 mL), oxone® (0.813 g, 1 .32 mmol) and 3-furaldehyde (0.138 g, 1.32 
mmol) were added. The reaction mixture was stirred at room temperature for 5 h 
5 and then stored at 5 °C for 3 days. The mixture was diluted with EtOAc and washed 
twice with water, twice with saturated NaHC0 3 and once with brine. The organic 
layer was then dried over MgS0 4l filtered and concentrated to give an oil that was 
purified by flash chromatography, using EtOAc as eluent, to give 1-cyclohexyl-2- 
furan-3-yl-1 H-imidazo[4,5-b]pyridine-5-carboxylic acid methyl ester (0.058 g 44% 
10 yield). ' 



15 



20 



25 



l-Cyclohexyl-a-furan-S-yMH-imidazo^S-bJpyridine-S-carboxylic acid : 

The ester from above (0.058 g, 0.178 mmol) was dissolved in MeOH (2 mL) and 
aqueous LiOH (0.700 mL, 1 M) was added. The solution was stirred at room 
temperature for 2 h and then purified by C18 reversed phase preparative HPLC to 
give the title compound. ' 

Example 7: 

1-Cyclohexyl-2-furan-3-yl-4-methyMH-benzimida 2 oIe-5-carbox y licacid: 




OH TMEDA ^^JU rtlJ HNO, °* N 




6 ; 6 



THF.-SlWJto.SO'C * 



H,Pd(OHi 



OMF/HjO HN 



6 

4-Chloro-2-methylbenzoic: 

In a dry round-bottomed flask (3 L) equipped with a mechanical stirrer under Nfe, 
anhydrous /V,A/,A/',A/'-tetramethylethylenediamine (TMEDA, 99.7 mL, 660 mmol, 2.2 
eq.) and anhydrous THF (600 mL) were added and the mixture was cooled to -90 °C 
in a bath of liquid N 2 /EtOH. Freshly titrated seoBuLi (550 mL, 1 .2M in cyclohexane, 
660 mmol., 2.2 eq.) was added slowly via cannula as to maintain the temperature at 
-50 °C. The solution was cooled to -90 °C and 4-chlorobenzoic acid (47.0 g in 400 
mL anhydrous THF, 300 mmol) was added slowly via cannula, while stirring carefully 
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to maintain the temperature at -90 °C. The reaction mixture was stirred at -90 °C for 
1 h before allowed to warm-up to -80 °C and CH 3 I (80 mL, 1 .28 moles) was added 
very slowly. The reaction mixture was stirred for 10 min at -80 °C, then quenched 
slowly with H 2 0 (600 mL) and allowed to warm-up to room temperature. The 
5 aqueous layer was separated, washed with Et 2 0 (2 x 500 mL) and then acidified with 
HCI (2.5 N, 600 mL) while cooling in an ice bath; cooling was continued for 16 h at 
4°C to allow crystallization of the desired product. The crude product was dried 
under vacuum and over anhydrous P 2 0 5 and then re-crystallized from hot toluene 
(700 mL) to obtain pure 4-chloro-2-methylbenzoic acid (40 g, 78% yield). 

10 

Mixture of 4-chloro-2-methyl-5-nitrobenzoic acid methyl ester and 4-chloro-2- 
methyl-3-nitrobenzoic acid methyl ester: 

These compounds were prepared using a modification of the procedure reported by 
M. Baumgarth et al. (J. Med. Chem. 1997, 40, 2017-2034). 

15 4-Chloro-2-rnethylbenzoic acid (6 g) was added to fuming HN0 3 (100%, 36 g) in 
small portions over a period of 20 min, at 10 °C, while stirring vigorously. The 
reaction mixture was stirred vigorously for a period of 1 h and the temperature 
allowed to warm-up to 20 °C. The reaction mixture was then poured onto ice (100 g) 
and the yellow precipitate formed was collected, washed with H 2 0, dissolved in 

20 EtOAc (25 mL) and the solution was dried over NaaC0 3 and filtered. After 

concentration of the remaining mother liquor to 1/2 of the original volume, more 
precipitate was formed, however, the solid formed was always a mixture of 4-chloro- 
2-methyI-5-nitrobenzoic acid and 4-chloro-2-methyl-3-nitrobenzoic acid. Thus, all of 
the solid material formed was collected by filtration (-6.5 g), stirred in MeOH/HCI at 0 

25 °C for 1 h to form a mixture of methyl esters. This mixture was used in the following 
step without further purification. 

4-Cyclohexylamino-2-methyl-5-nitrobenzoic acid methyl ester and 4- 
cyclohexylamino-2-methyl-3-nitrobenzoic acid methyl ester: 

30 The mixture of esters from above (1 .1 g, 4.8 mmol) and cyclohexylamine (1 .7 mL, 
14.4 mmol) in DMSO (2 mL) were stirred at 60 °C for 1 6 h. The reaction mixture was 
then cooled and poured onto ice (-5 g) and mixed vigorously to allow the formation 
of a precipitate. The solid material was filtered, washed with H2O and dissolved in 
EtOAc. The solution was washed with H 2 0 and brine, dried over anhydrous MgS0 4 

35 and evaporated to an oil containing the desired products. The oil was triturated with 
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hexane (-5 mL) to aNow precipitation „ f rela ^ pure 4^ d „ hexytoi ^ 2H1 _, 
« meth* ester ,600 mg>, wheraas „ mother ^ 

5 3-*m'no^ y clohaxylaml„o-2™ thyI ba, K oic acid methtf ester 
^CyclohexWanaino-S-methyl-S-nKrobenzoto acid metoy, aa,a, (,50 mg) was 
,n THF/MeOH (30 mL, ,:2 ratio, arai sSrred ,„ „, ^ ^ 
and a catalytic amount of PdfOHl ion ™> . presence <* H, 0 aim) 

.. un,0 '™(° H fe (20 mg) at room temperature for 14 h The 
r^Con modure was men fiKerad, evaporated ,o d^ess a* p« ed by * 
co,um n chromatography usina 250/ FtnA.i u m rmeaoynash 

eluent to nh,o ,k h6Xane With 0 2% NH <°H as the 

eiuent, to give the pure aniline (106 mg). 

1*yc.ohexyl-2-fu^^ 

Toas 0 , ti "^^l^^nw^J^ 

(0.15 mL ,3-furaldehyde (0 22 ml ?^mm n h ^ l-» mi-; ana HO 

' mL > mmol) and oxone® (1 ?q n 91 

addedand.ereac.nm^waes^datroomtempel^, ,W6re 

naHCOs. The reaction mixture wes then extracted wiihnrn «. 

washed with bdne. dded over anhydrous N^TsT ' """" ^ " 
^ .. yurous Na 2 s °4 and evaporated to drvnp<?Q Th* 

*— benzlmHazole methy, ester (446 mg> was obtaine pure a^Z 
chromatography, using 25% EtOAc In hexane 

«e ofthe methy, estorwes achieved * an aqueous solufcn ot NaOH (, 0 
. 6 - 6mmOl) '" MeOWHF <' 0mL .^-,o,a,60^tor,.5h,The 

AcOH and the organic solvents were evaDomteH tk« «"*wnn 
was extracted with DCM (3x15 rau aZ „ a ' n ' n9 mMure 
with ho* . ' 6 C ° mb " 1ed orsanic la * ere were washed 

desire 3 " * 0US ^ " d eVap ° rated to <*»- '» *- toe 
des,red Hfe compound of example 7, 1 ■oyc,ohexy,.2-furan* yl ^e J W 

banzTmidazole^xylic acid (392 mg, 92% yield) 
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Example 8: 

1 -Cyclohexyl-2-f uran-3-yl-6-methyl-1 H-benzimidazole-5-carboxylic acid: 




6 

1-Cyclohexyl-2-furan-3-yi-6-methyl-1 /*benzimidazole-5-carboxylic acid was 
prepared from 4-cyclohexylamino-2-me%l-5-nitrobenzoic acid methyl ester as 
described for the 4-methyl derivative in Example 7. 



Example 9: 

General procedure for coupling amino acid methyl ester hydrochlorides to 5- 
carboxybenzimidazoles and deprotection of the ester functionality: 




5-Carboxybenzimidazole derivatives were coupled to amino ester hydrochlorides 
under standard amide bond forming conditions (TBTU or HATU and base). The 
resulting amide esters were then saponified using a metal hydroxide and the desired 
free carboxylic acid isolated following acidification of the carboxylate salt with AcOH. 
The procedure is exemplified as follows: 

2-{[1 -(1 -Cyclohexyl-2-f uran^-yl-1 H-benzoimidazol-5-yl)-methanoyl].amino}-2- 
methyl-propionic acid: 




COOH 



The 5-carboxybenzimidazole derivative (0.125 g, 0.40 mmol) and TBTU (0.154 g, 
0.48 mmol) were dissolved in DMSO (1 mL) and EfeN (280 pL, 2 mmol) was added 
followed by methyl 2-aminoisobutyrate hydrochloride (0.074 g, 0.48 mmol). The 
mixture was stirred for 18 h at room temperature or till complete as judged by 
reversed-phase HPLC analysis. 5N NaOH (1.2 mL, 15 equivalents) was added to 
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the reaction mixture that was stirred for 4 h at room temperature. The reaction 
mature was added drop wise with vigorous stirring to a solution of AcOH (1 5 mL) in 
water (15 mL). The precipitated solid was collected by filtration, washed with water 
and dned in vacuo over P 2 O s giving the title compound (0.129 g). 

Example 10: 

General procedure for the preparation of aromatic amide derivatives from a- 
monosubstituted N-Boc-amino acids (R 4 = H in Scheme 1): 



10 



15 



20 



25 



30 



„» R < "V/"" H 

BocHN^COOH ♦ l ¥WT) 1 - TBTU/P,EA ^ W^Sr"Y7\ 

2.HCI-dioxane a - j[ 

/V-Boc protected cc-monosubsfituted amino acids were coupled to aromatic amine 
derivatives using standard amide bond coupling reagents. The NSoo protecting 
group was then cleaved under acidic conditions and the amine derivatives were 
-solated as hydrochloride salts. The following procedure for coupling /V-Boc-D- 
alanine to ethyl 4-aminocinnamate is representative: 

(R)-H4^(E)-2-Ethoxyca^^ 
chloride: 



! H 



COOEt 



/v-Boc-D-alanine (0.284 g, 1.5 mmol) was dissolved in DMSO (2 mL) and DIEA (1 04 
mL, 6 mmol, 4 equivalents) was added. Ethyl 4-aminocinnamate (0.287 g 15 
mmol) was added followed by TBTU (0.578 g, 1 .80 mmol) and the mixture' was 
stirred for 24 h at room temperature. The reaction mixture was diluted with EtOAc 
(75 mL) and the solution washed with water (40 mL), 1 N NaOH (3 x 25 mL) 1M 
KHSQ 4 (2 x 25 mL) and 5% NaHC0 3 (25 mL). The extract was dried ( M gS0 4 ) and 
concentrated to give the desired A/-Boc-protected anilide as a yellow solid (0 41 1 g) 
The material from above was stirred for 1 h with 4N HCI in dioxane (10 mL) ' 
Removal of volatiles under reduced pressure and trituration of the residue with 
TBME gave the title hydrochloride salt as a brown solid. 
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15 



Example 11: 

4-(4-Amino-phenyl)-thiazole-2-carboxylic acid ethyl ester: 



°/ i S^S. ethyl thioxamate ^V^il H 2 /Pd(OH) 2 




COOEt COOEt 

4'-Nitro-2-bromoacetophenone (6.100 g, 25 mmol) and ethyl thioxamate (3.460 g, 26 
5 mmol) were dissolved in MeOH (20 roL) and the solution was refluxed for 1 h. After 
cooling to room temperature, the precipitated solid was collected by filtration, 
washed with cold MeOH and dried under vacuum (5.15 g, 75% yield). 
A suspension of the nitroester from above (2.50 g, 8.98 mmol) and 20% Pd(OH) 2 on 
carbon (200 mg) in 2:1 EtOH - THF (60 mL) was stirred for 3 h under 1 atm of 
10 hydrogen gas. The suspension was filtered to remove the catalyst and volatiles 
removed under reduced pressure to give the title compound as a reddish foam (2.05 
g, 92% yield). 

Example 12: 

H4-Ethoxycarbonyl-thiazol-2-yl)-phenyl-ammonium chloride: 



^A Br 2) »BuU Li 



Bo^O BoeHN Y*Nj, 1)CH 3 U BocHN. ^ 

^ B (OH), 1)Pd(PPh,) 4 .. 



3)B(OEt), ^^(Orl^p,,^, Cl 

4 > HCI ite,co,(4 Hs+N ^ 



Br^Y COOE ' 2)HCI T/^aEt 

HN=( „ r% (CHACONO 

NH » *t. CuBr, M *f 

NH, HBr 2 Br 



p-Bromoaniline (13.0 g, 76 mmol) and Boc-jO (19.8 g, 91 mmol) were dissolved in 
20 toluene (380 mL) and stirred at 70 °C for 1 5 h. The reaction mixture was cooled to 
RT, evaporated to dryness, re-dissolved in EtOAc and washed with 0.1 M HCI and 
brine. The organic solution was dried over anhydrous MgS0 4 , evaporated to 
dryness and purified by flash column chromatography, using 5% to 10% EtOAc in 
hexane as the eluent, to obtain the Boc-protected aniline (23 g). The Boc-protected 
25 bromoaniline (1 0.7 g, 39.2 mmol) was dissolved in anhydrous THF (75 mL) in a flask 
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I " ° Verhead ^ ™* "** n " aS <° 0 °° - MU (1.2 M 

EfeO, 33 mu 39.2 mmol) was added drop wise while maintaining the internal 
temperature below 7 °C. The reacfa, mixture was strred a. 0 °C far 15 min and 
men cooted to -78 °c before n-BuU (2.4 M in hexane, 1 7 mL, 39.2 mmol, was 
added drop wise, maintaining the internal temperature below-70°C) The reaoaon 

rrrr * ed * ~ 78 ° c ,or ,hi B<oB,a 07 ^ 98 mm>, > - «— ** — 

<HM temperature < -65 °C) and s«rring was continued for 45 min at -78 °C and 
a to Cor, h. The reaoaon mixture was then treatedwBh 5% aqueous HCI (-100 
mL, to P H -1) for , 5 m and NaC|(s) was a<M6d b saturate ^ 

10 aqueous layer was extracted with 0.5 M NaOH (4 x 100 mL, and the combined 
aqueous , a ye,s „ ere acidMed with 5% HC (150 mL, ,o P H -„ and exacted wfth 
EW (3 x 200 mL). The combined organte layers were dried over anhydrous MgS0 4 

15 Thiourea (7.60 g. ,00 mmol) and ethyl bromopyruvata (12.8 mL, ,00 mmol) were 
m,xed and hea,ed to ,00 »C for 45 min. After cooling of the reaoaon mlxtere, the 
solid obtained was Murated with acetone, Bltered and recrystoliized from EtOH to 

t» desired aminothiazole product (,0.6 g, 40 mmol). The amlnothiazole was 
then added slowly (over a pehod o, 20 mm, t0 a solution o, f-butylnimte (6.2 g 60 

■0 mmoflandCuBr ! (,0.7g,48mmo,)i„MeCN(,60mL ) a,0-C. The reao Jmixtere 

"fallowed to warm-up to RT and to stirred for?™ -n, 

«ra io sorred tor 2.5 h. The mixture was Ihen added 

to an aqueous HCI solution (20%, and exeacted wim EfeO (2 x 400 mL) The 
organic layerwas washed with aqueous HCI (10%), dried overanhydrous MgSCv 
- an ^"~ to ^. ™edes,redbromo W azoteprc<» J c,wasiso.a,edin 
' eTfte eluan, 4 ' 3 " **" °°' m '' u *9 «* EtOAc in hexane 

To a de-gassed soludon o, the bromothiazole product (230 mg, 0.97 mmol) the 
born* ao« derive** from above (230 mg, 0.97 romol) and aqueous Na.CO, (2M 

3mL),nDME(3mL ) , a cately B camo U n,o, P d(P P h jM 56mg,0.049mmol)was ' 
added and me reaction mixture was sttnad a, 80 X under argon for 20 h The 
raacton mixtere was men cooled to RT, diluted wim EtOAc and exfraced wim brine 
aqueo usNaHC03(2x)andbrine Theor g an teb yerwasd rt edoveranhydrous 
MgSO. and concen,ra,ed to d*ness. The oarbamate-ester product was teolated 
after flash column chromatography using 20% to 30% EtOAc in hexanet ,80 mo 
The aniline hydrochloride was Mated after removal o, the Boo prolog group with 
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4N HCI in dioxane for 30 min. 
Example 13: 

4^2'Methoxycarbonyl'4-methyMhiazoh5'yl)'phe 

NH 2 NH 3 Br NaB r Br 2 ) C0 2(s) C 0 2 CH 3 

NaN0 2 



5 




To a solution of 2-amino-4-methylthiazole (7.90 g, 69 mmol) in EfeO (70 mL) at 15 
°C, Br 2 was added slowly over a period of 30 min while stirring vigorously. The solid 
material formed was filtered and recrystallized from EtOH. The crystalline product 
was filtered and dried under vacuum to give the 5-bromo derivative as the HBr salt 

10 (10.3 g). This product was then dissolved in a solution of CuS0 4 (1 1 .4 g) and NaBr 
(9.9 g) in H 2 0 (115 mL) and K 2 S0 4 (5M, 360 mL) was added at 0 °C. An aqueous 
solution of NaN0 2 (6.10 g in 20 mL of H 2 0) was then added drop wise to the 
reaction mixture over a period of 25 min, maintaining the temperature below 3°C. 
The reaction mixture was stirred at 3 °C for 20 min and then at RT for 1 h. The 

15 reaction mixture was diluted with brine (280 mL) and extracted with EfeO (3 x 300 
mL). The ether layers were combined, washed with a saturated, aqueous solution of 
sodium thiosulfate to eliminate any unreacted Br 2 , dried over anhydrous MgS0 4 and 
filtered through a pad of silica gel (-200 mL). The solvent was evaporated and the 
desired product isolated by distillation (bp = 80-81 °C at 15mm Hg). 

20 A solution of the dibromo intermediate (500 mg, 1 .94 mmol) in hexane (5 mL) was 
added to a cooled solution (-70 °C) of n-BuLi (870 ^L of 2.2M in hexane), diluted with 
10 mL of hexane. The reaction was stirred at -70 °C for 1 h and then added to 
C0 2 (s). The mixture was partitioned between H 2 0 and Et 2 0. The aqueous layer was 
acidified with 1N HCI (pH -2) and extracted with EtOAc (2 x), dried over anhydrous 

25 MgS0 4l filtered and evaporated to dryness. The residue was re-dissolved in MeOH / 
DCM, treated with CH 2 N 2 (until the solution remained yellow) and evaporated to 
dryness to give the desired 5-bromo-4-methylthiazole-2-carboxylate ester as a yellow 
solid (230 mg). Suzuki cross-coupling of this product with the N-Boc protected 4- 
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Example 14: 



BocHISL^ 



1} ^S(0H) 2 

N Br Pd(OAc) 21 dppf ^N^CO^e 



MeOH,Et3N,DMF 2 > HCI 
50°C, 6h 




The symhesfs of toe S-bromopyMne-s-cart^ ac W es ,er was achieved 

A solubon of 2,w,bromopyMne (10.0 g, 42.2 mmof) , 

b^henyWosphinolfeaocene (dppf, ,.4 g, 2.5 mmol) ', Pd(OAc , 

-o, ^ „2 mL . 84 mm „„ ,„ dv MeOH (40 mL) and diy DMF^io mL) 1 

P at 50 C for 6 h - The mixture was diluted with EtOAc tenn m. * „ 

^*^(ax.OO m u, Mn90 oo mL) .d rt edlTj^:ra„d 
oncenbafed .0 g,ve a so„d. Rash co,u m „ chro^phv, lg^ Ac 

bv mmn« fl i D l^pie 12) under typical Suzuki conditions, followed 

Example 15: 

5-Ammo.1. m ethyl.1H.inc l ole.2^r b o X y,ic aciCethy, ester 
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0 2 N 




1) NaH, Mel H 2 N 




C0 2 Et 



COOEt 



2)SnCI 2 2H 2 0 



The ethyl ester of 5-nitroindole-2-carboxylic acid (0.300 g, 1.28 mmol) was dissolved 
in anhydrous DMF (6 mL) and NaH (0.078 g, 60%, 1.92 mmol) was added. The 
5 reaction was stirred at RT for 20 min, then Mel (1 60 uL, 2.56 mmol) was added and 
stirring was continued for 3 h. The reaction was quenched with the addition of 
aqueous NaHC0 3 (-1%) while stirring vigorously. The brown solid formed (0.096 g) 
was filtered and dried in air overnight. 

The A/-methyl nitro derivative (196 mg, 0.79 mmol) was then dissolved in DMF (4 
1 0 mL), H 2 0 (400 uL) and SnCI 2 -2H 2 0 (888 mg, 3.95 mmol) were added, and the 

mixture was stirred at 60 °C for 3 h. The mixture was then partitioned between 10% 
aqueous NaHC0 3 and EtOAc and stirred vigorously. The aqueous layer was re- 
extracted with EtOAc and the combined EtOAc layers were washed with brine, dried 
over anhydrous MgS0 4 and concentrated to dryness. The residue was purified by 
15 flash column chromatography, using 1:1 ratio EtOAc/hexane as the eluent, to obtain 
the pure 5-aminoindole derivative (118 mg). 

A/-Alkylation of 5-nitroindole-2-carboxylate with other alkylating agents (such as Etl, 
propargyl bromide, benzyl bromide) under the conditions described above gave the 
corresponding 5-amino-1 -alkyl- rtf-indole-2-carboxylates. 

20 

Example 16: 

H[1-(4-Amino-1-t-butoxycarbonyl-piperid'm4-yl)-m 
1H-indole-2-carboxylic acid ethyl ester: 
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25 



30 



A solution of amino-indole from example 15 (70 mq 0 32 mmnn a, c 

5 *eda,RT ( „r,5h The J^I ' "* * mL) " 

■^ ii- i ne reaction mixture was diluted with PtnA« . ■ 

aqueous time add (2 x), safcrated NaHCQ, ,2 x. Id 17 h ^ * 1 % 

MgS0 4 and concentrated to dn„»« » ' 0VBra "M»i. 

1 mL ' °- 95rnmo ') was stirred at RTfnroi, -r U 
» «* — and^adtCI^ ' 

BOAc as me etuent. ,o 3 ,ve me desired expound as a brown sol ,d „ » ™ 
Example 17: 

PCI. NH,+-^C0CI — ► * jl T H 

a" PVrid.ne ° ^^COOEt 

Adap«n gtheprocedure describedinEaUffelmaneta,.^.^!^ , 11s - 
2-ammoisobutyric acid was conv^H * n * ' ' 1 1 57) ' 

The acid chloride f12 778 n An mr««i < „ 
-»ande %l ^: m lX^ 

fWdina (7 01 mL ae e mm , ,7 1 1 equivalert ) "as added, 

was s« Jd' o " 5 t H" 5 T' 9n,) ^ ^ *" a " d - **» 

spaced Z BoTCllT™ aqU60US ^ <10 ° mL > - 

The W9an ' C phase was ""shed with aqueous NeHCO, water 
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and brine, and dried over MgS0 4 . Removal of solvent under reduced pressure gave 
the title compound of as a white solid (15.96 g, 101% yield). 

Example 18: 

(*WH[H1-Amino*yclobutyl)-methanoyl]-aminoW 
ester: 

O K0H A LPPPA/E^N 0<Q> 

EtOOC COOEt BOH HOOC^COOEt 2. TMSE-OH M^Si^^O R C00Et 

St. 



NaOH X ethyl 4-amlnocinnamate 

Me si^o a cooh " 

Me 3 Sl-^/ u H HATU/DIEA 




COOEt 



Diethyl 1,1-cyclobutanedicarboxylate (20.00 g, 100 mmol) and KOH (6.60 g, 100 
mmol) were refluxed in EtOH (100 mL) for 2 h. After cooling to room temperature, 
volatiles were removed under reduced pressure and the residue partitioned between 
Et 2 0 and 4N HCI. The organic extract was washed with water and brine, and dried 
over MgS0 4 . Removal of the solvent under reduced pressure gave the monoester 
as a clear oil (14.45 g, 84% yield). 

The monoester from above (14.45 g, 84 mmol), EfcN (14.1 mL, 100 mmol) and 
diphenylphosphoryl azide (24.05 g, 87.4 mmol) were dissolved in dry toluene (114 
mL) and the mixture heated at 80 °C for 1 h and 1 10 °C for an additional hour. 
Trimethylsilylethanol (9.94 g, 100 mmol) was added in one portion and the mixture 
refluxed for 48 h. Toluene was then removed under reduced pressure and the 
20 residue dissolved in DCM. The solution was washed with water and brine and dried 
over MgS0 4 . Concentration under reduced pressure gave a dark oil which was 
purified by passage through a pad of silica gel using 30% EtOAc in hexane as 
eluent. The desired carbamate was obtained as a clear yellow liquid (21 .0 g). 
The carbamate from above (1.50 g, 5.22 mmol) was dissolved in THF (5 mL) and 2N 
NaOH (5 mL) was added. The mixture was stirred at 70 °C for 1 h. Following 
dilution with water, the aqueous phase was washed with EfeO to remove unreacted 
starting material. The aqueous phase was then acidified with KHS0 4 and the 
product extracted with EtOAc. The desired free carboxylic acid was obtained as an 
oil (1.25g). 
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The acid from above (0.519 g, 2.0 mmol) was dissolved in DCM (10 mL) DIEA 
1.39 mL, 8.0 mmol, 4 equivalents) was added, followed by ethyl 4«mlnocr„namate 
(0.573 g, 3.0 mmol. 1.5 equivalent, and HATU (1.143 g. 3.0 mmol, 1.5 equivalents, 

s 2 CT T al ,smpera,ure ,or3 days - The —» - P— 

acid (2 x 25 mL) and saturated aqueous NaHCQj (25 mL), and dried over MgS0 4 

?t removed undw "*" d pressure ^ *• »— — * tfa 

(ton*, fo,30 mi„. V0 la fc s were men removed under reduoed pressure and me 

,0 2T,rr VaP ° ra,6d * eWl,hheXane ' ^™«ctwasdissc,vedin 
TME I (60 mL) and fhe solution washed wfth ,N NaOH (2 x 25 mL). After drying 
(Na 2 S 0< ), volatile* were removed in vaouum to give the title compound as a light 
brown solid (0.500 g). 9 

Example 19: 
15 Preparation of inhibitors on solid support: 

Referring to Scheme 3 above, the folding steps were performed on a soiid-phase 
synthes I2 er (ACT496 from Advanced Chemtech), using the 96-we,, reaction block: 

Anchoring on the resin: 

20 wL°T Z !" ed * bromo Wa ^ resln <aM4 mmo '' 40 ■*> - - — 
« mL> ' To 9ach we " was added DMF (20 ° * 1 m — » « 

DIEA ,n DMF (300 pL, 0.3 mmol,, and the appmpriate nitro aoid derivative (0 176 
mmol) dissolved in 500 pL o, DMF. The resins were shaken for 15 h at room' 

25 ' 8 ~ a " a,he ^'^«"ed. Thereslnawerewashedsuccesshrev 

25 WH1-2mLport-onsofDMF(3x),MeOH(3x>,andDMF<3x;. 

Reduction of the nit™ group and coupHng of Fmocamino acids- 

The nrtro group was reduced to ^ coraspondt|g ^ usjng ^ m <Mo ^ 

dihydrate (, 2 mL ota 0.5 M solunon in DMF, 0.6 mmoi) for 24 h followed by washing 
30 (3 X 1.2 mL) M, DMF, DMF/HA DMF, MeOH and DMF. The resin was L 
suspended in DMF (200 pL) and treated with a 0.5 M solution o, DIEA in DMF ( 300 
PL, 0 15 mmol), a 0.13 M solulion o, Fmoc-amino acid (500 pL, 0.066 mmol) and a 
0.13 M solution of TBTU In DMF (500 pL, 0.066 mmol). A«er shaking for 5 h al 60 
C, and since several reactions were not complete as indicated by the cleavage of a 
* few resin beads, hash reagents were added and a second coupling was done using 
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HATU as coupling agent at room temperature for 18h. . 

Coupling of the core benzimidazole and cleavage from the resin: 

The Fmoc group was cleaved with 20% piperidine/DMF (20 min) and after washing, 
5 the 5-carboxybenzimidazole derivative (e.g. from example 1) was coupled under 
standard conditions using TBTU as coupling agent (room temperature, 18 h). 
Cleavage from the resin: 

In each well was added 1 .0 mL of a 50% solution of TFA/1 ,2-DCE and the resins 
were shaken for 1 h. The wells were drained and the resins washed once with 1 mL 
10 of the 50% TFA/1 ,2-DCE solution. The volatiles were removed under vacuum and 
the compounds were purified by semi-prep reversed phase chromatography to give 
compounds of formula 1 . 

Example 20: 

15 General procedure for coupling N-benzimidazoylamino acids to aromatic 
amines: 

OrIr 4 I.BroP/Ey* l R y R4 B ^ 6 

H-^S + 2.CSA D i N ^^ 

R R 

3. deprotectlon 

A/-BenzimidazoyIamino acid derivatives synthesised as described in Example 9 
above, were coupled to aromatic amines using BroP / camphor-10-sulfonic acid as 
20 coupling agent as described by H. Heimgartner and P. Wipf in Helv. Chim. Acta, 
1986, 69, 1 153. Products were deprotected under standard conditions to give 
compounds of formula 1 , which are the subject of the present invention. The 
following specific Example will serve to illustrate the process and is not intended to 
be limiting. 

25 

(E)-3-(4-{[1 -(1 -{[1 -(1 -CycIohexyl-2-f uran-3-yl-1 H-benzoimidazol-5-yl)- 
methanoyl]-amino}-cyclopropyl)-methanoyl]-amino}-phenyl)-acrylic acid (Entry 
1070): 
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6 x 



The appropriate amino aoid dertvalive from Example 9 (0.020 g, 0.05 mmol, was 
absolved in DCM„mL,. D M AP.(0.0,8 g ,3eauiva l onte,, EW (2 o ML oTsIo, 3 

• ~o^ 

P-029 g, o.ot 5 mmol, 3 equivalents, ware added and the mixture sBrred for 20 h at 

-m temperature. CamphoM 0-sulionie acid <CSA; 0.046 g, 0.2 mmo, 4 

o/o NaHC0 3 (1 mL). The mixture was then passed throuah a 
ekrentramLMTi ' EMSclence ' 0 6 9) to remove water using 1:1 EtOAaEWas 
*en. (5 mL). The organ,o u. was oonoanWed under roduced pressure and 
the residue co-evaporated with MeCN (5 mL) 

15 el' TT lhSn * S °' Ved DMS ° ( °- 8 mL) °™> 2 5N *»H (0.2 mL, was 

!T compound (9 mg, isolated from the reaction mixture by^ 

preparative reversed-phase HPLC. 



20 



Example 21 : Genera! precede for coupling „, ^ 
caitoxybenzimidazole derivatives: anvesto5- 



R* 0 2.deproteclion J V^T 

R 1 



5-Ca^xyben*^ dedvatves, such as Ihose described in Exampies 1 3 and 

10, 16, 17, and 18, us,ng standard amide bond forming roagente, such as TBTUin 
26 ^Presenceo.anorgan,obase (D1 EA,E,Nandd 1 e, ik e,. The rowing promote 

olltl ^ °' * inVenS ° a 71,6 « * «— 

to illustrate such a process and is non-limiting. 
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(E)-3-[4j(R)-2-{[1J1-Cyclohexyl-2-^ 

methanoyl]-amino}-butanoylamino)-phenyl]-acrylic acid ( Entry 1075): 




5 The 5-carboxybenzimidazole derivative (0.020 g, 0.064 mmol) was dissolved in 
DMSO (0.5 mL). TBTU (0.027 g, 0.084 mmol, 1.3 equivalent) was added followed 
by Et3N (36 jjL, 0.26 mmol, 4 equivalents). The reaction mixture was stirred for 20 
min at room temperature. The amine hydrochloride prepared according to Example 
10 (0.029 g, 0.096 mmol, 1 .5 equivalent) was added and the mixture stirred for 1 h at 

10 room temperature. 

DMSO (0.5 mL) and 2.5N NaOH (0.3 mL) were added and stirring at room 
temperature continued for an additional 1 h. The reaction mixture was then acidified 
with TFA (0.2 mL) and the title compound was isolated by preparative reversed- 
phase HPLC. 

15 

Example 22: Inhibition of NS5B RNA dependent RNA polymerase activity 

The compounds of the invention were tested for inhibitory activity against the 
hepatitis C virus RNA dependant polymerase (NS5B), according to the following 
assay: 

20 The substrates are: 

a 12 nucleotide RNA oligo-uridylate (or oligo-uridine-monophosphate) (oligo-U) 
primer modified with biotin at the free 5'C position; 

a complementary poly-adenylate (or adenosine monophosphate) (polyA) template of 
heterogeneous length (1000-10000 nucleotides); and 
25 UTP-[5,6 3 H]. 

Polymerase activity is measured as the incorporation of UMP-[5,6 3 H] into the chain 
elongated from the oligo-U primer. The 3 H-labelled reaction product is captured by 
SPA-beads coated with streptavidin and quantified on the TopCount. 



30 



All solutions were made from DEPC treated MilliQ water [2 ml of DEPC is added to 1 
L of MilliQ water; the mixture is shaken vigorously to dissolve the DEPC, then 
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autoclaved at 121°C for 30 minutes]. 



Enzyme: The full length HCV NS5B (SEQ ID NO.1) was purified as an N-terminal 
hexa-histidine fusion protein from baculovirus infected insect cells. The enzyme can 
be stored at -20°C in storage buffer (see below). Under these conditions, it was 
found to maintain activity for at least 6 months. 

Substrates: The biotinylated oligo-U 12 primer, the Poly(A) template, and the UTP- 
[5,6 3 H] were dissolved in water. The solutions can be stored at-80°C. 



10 Assay buffer: 



15 



20 



NS5B storage buffer: 



20 mM Tris-HCI pH 7.5 
5 mM MgCI 2 
25 mM KCI 
1 mM EDTA 
1 mMDTT 

0.1 jiM NS5B 

25 mM Tris-HCI pH 7.5 

300 mM NaCI 

5 mM DTT 

1 mM EDTA 

0.1 % n-Dodecyl maltoside 
30 % glycerol 



Test compound cocktail: Just prior to assay, test compounds of the invention 
25 were dissolved in assay buffer containing 15% DMSO. 

Substrate cocktail: Just prior to assay, the substrates were mixed in assay buffer 
to the following concentrations: 



Component 


Concentration in 
substrate cocktail 


Final 
Concentration in 
assay 


RNAsin IM 


0.5U/uL 


1.67 U/uL 


Biotin-oligo-U 12 


3 ng/uL 


1 ng/pl 
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primer 






PolyA template 


30 ng/ 1± 


10ng/pL 


UTP-[5,6- 3 H] 35 
Ci/mmol 


0.025 nCi/jiL 


0.0083 \iCV\iL 
0.25 \M 


UTP 


2.25 


0.75 ]M 



Enzyme cocktail: Just prior to assay, the RNA polymerase (NS5B) cocktail was 
prepared in assay buffer to the following specifications: 



Component 


Concentration in cocktail 


Tris-HCI at pH 7.5 


20 mM 


MgCI 2 


5 mM 


KCI 


25 mM 


EDTA 


1 mM 


DTT 


1 mM 


n- Dodecyl maltoside 


1% 


. NS5B 


30 nM 



5 

Protocol: 

The assay reaction was performed in a Microfluor™ white "U M bottom plate 
(Dynatech™ #7105), by successively adding: 
20 \± of test compound cocktail; 
10 20 \iL of substrate cocktail; and 
20 |iL of enzyme cocktail 
■ (final [NS5B] in assay = 10 nM; final [n-dodecyl maltoside] in assay = 0.33%; final 
DMSO in assay = 5%). 

The reaction was incubated at room temperature for 1.5 hours. STOP solution (20 
15 \iU 0.5 M EDTA, 150 ng/ jil tRNA) was added, followed by 30 pJ streptavidin coated 
PVT beads (8mg/ml in 20 mM Tris-HCI, pH 7.5, 25 mM KCI, 0.025% NaN 3 ). The 
plate was then shaken for 30 minutes. A solution of CsCI was added (70 \iL, 5 M), to 
bring the CsCI concentration to 1 .95 M. The mixture was then allowed to stand for 1 
hour. The beads were then counted on a Hewlett Packard TopCount™ instrument 
20 using the following protocol: 
Data mode: counts per minute 
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Scintillator: liq/plast 
Energy range: low 
Efficiency mode: normal 
Region: 0-50 
" 5 Count delay: 5 minutes 
Count time: 1 minute 
Expected results: 6000 cpm/well 
200 cpm/well no enzyme control. 



1 0 Based on the results at ten different concentrations of test compound, standard 
concentration-% inhibition curves were plotted and analysed to determine IC 50 's for 
the compounds of the invention. For some compounds, the ICs, was estimated from 
two points. 



15 



20 



Example 23: Specificity of NS5B RNA dependent RNA polymerase inhibition 

Some of the compounds of the invention were tested for inhibitory activity against 
polio virus RNA dependent RNA polymerase and the polio vims in the format that is 
described for the HCV polymerase with the exception that polio virus polymerase 
was used in place of the HCV NS5B polymerase. Select compounds were also 
tested for inhibrtor of the calf thymus DNA-dependent RNA polymerase II (Kim and 
Dahimus, 1998, J. Biol. Chem. 263, 18880-18885). 

Example 24: Ceil Based HCV RNA Replication Assay 
25 Cell Culture 

Huh7 cells that stably maintain a subgenomic HCV replicon were established as 
previously described (Lohman eta!., 1999. Science 285: 110-113) and designated 
as the S22.3 cell-line. S22.3 cells were maintained in Dulbecco's Modified Earle 
Medium (DM EM) supplemented with 10% FBS and 0.5 mg/mL neomycin (Standard 
30 Medium). During the assay, DMEM medium supplemented with 1 0% FBS, 

containing 0.5% DMSO and lacking neomycin was used (Assay Medium). 16 hours 
prior to compound addition, S22.3 cells are trypsipized and diluted to 100 000 
cells/ml in Standard Medium. 100uL (10 000 cells) are distributed into each well of a 
96-well plate. The plate was then incubated at 37°C with 5% CQ, until the next day. 
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Reagents and Materials: 



Product 


Comoanv 


Cataloa # 


Storaae 


Ulvltlvl 


wisent inc. 


lUUloUV 


A on 


DMSO 


oiy 1 1 id 






Dulbecco's PBS 


Gibco-BRL 


14190-136 


RT 


Fetal Bovine Serum 


Bio-Whittaker 


14-901 F 


-20°C/4°C 


Neomycin (G418) 


Gibco-BRL 


10131-027 


-20°C/4°C 


Trypsin-EDTA 


Gibco-BRL 


25300-054 


-20°C/4°C 


96-weII plates 


Costar 


3997 


RT 


PVDF 0.22pm Filter Unit 


Millipore 


SLGV025LS 


RT 


Deep-Well Titer Plate Polypropylene 


Beckman 


267007 


RT 



Preparation of Test Compound 

5 10pL of test compound (in 100% DMSO) was added to 2 ml of Assay Medium for a 
final DMSO concentration of 0.5% and the solution was sonicated for 15 min and 
filtered through a 0.22pM Millipore Filter Unit. 900|jl was transferred into row A of a 
Polypropylene Deep-Well Titer Plate. Rows B to H, contain 400pL aliquots of Assay 
Medium (containing 0.5% DMSO), and were used to prepare serial dilutions (1/2) by 
10 transferring 400pl from row to row (no compound was included in row H). 

Application of test compound to cells 

Cell culture medium was aspirated from the 96-well plate containing the S22.3 cells. 
175pL of assay medium with the appropriate dilution of test compound was 
15 transferred from each well of the compound plate to the corresponding well of the 
cell culture plate (row H was used as the "No inhibition control 0 ). The cell culture 
plate was incubated at 37°C with 5% C0 2 for 72 hours. 

Extraction of Total Cellular RNA 

20 Following the 72 hour incubation period, the total cellular RNA was extracted from 
the S22.3 cells of the 96-well plate using the RNeasy 96 kit (Qiagen®, RNeasy 
Handbook. 1999.). Briefly, assay medium was completely removed from cells and 
100 pL of RLT buffer (Qiagen®) containing 143 mM p-mercaptoethanol was added 
to each well of the 96-well cell-culture plate. The microplate was gently shaken for 20 

25 sec. 100 pL of 70% ethanol was then added to each microplate well, and mixed by 
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pipetting. The lysate was removed and applied to the wells of a RNeasy 96 
(Qiagen®) plate that was placed on top of a Qiagen® Square-Well Block. The 
RNeasy 96 plate was sealed with tape and the Square-Well Block with the RNeasy 
96 plate was loaded into the holder and placed in a rotor bucket of a 4K15C 
5 centrifuge. The sample was centrifuged at 6000 rpm (-5600 x g) for 4 min at room 
temperature. The tape was removed from the plate and 0.8 ml of Buffer RW1 
(Qiagen® RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The 
RNeasy 96 plate was sealed with a new piece of tape and centrifuged at 6000 ipm 
for 4 min at room temperature. The RNeasy 96 plate was placed on top of another 
10 clean Square-Well Block, the tape removed and 0.8 ml of Buffer RPE (Qiagen® 
RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The RNeasy 96 
plate was sealed with a new piece of tape and centrifuged at 6000 rpm for 4 min at 
room temperature. The tape was removed and another 0.8 ml of Buffer RPE 
(Qiagen® RNeasy 96 kit) was added to each well of the RNeasy 96 plate. The 
15 RNeasy 96 plate was sealed with a new piece of tape and centrifuged at 6000 rpm 
for 10 min at room temperature. Tape was removed, the RNeasy 96 plate was 
placed on top of a rack containing 1.2-mL collection microtubes. The RNA was 
eluted by adding 50 uL of RNase-free water to each well, sealing plate with a new 
piece of tape and incubated for 1 min at room temperature. The plate was then 
20 centrifuged at 6000 rpm for 4 min at room temperature. The elution step was 

repeated with a second volume of 50 pi RNase-free water. The microtubes with total 
cellular RNA are stored at-70°C. 

Quantification of Total Cellular RNA 

25 RNA was quantified on the STORM® system (Molecular Dynamics®) using the 
RiboGreen® RNA Quantification Kit (Molecular Probes®). Briefly, the RiboGreen 
reagent was diluted 200-fold in TE pomM Tris-HCI pH =7.5, 1mM EDTA). Generally, 
50uL of reagent was diluted in 10mL TE. A Standard Curve of ribosomal RNA was ' 
diluted in TE to 2pg/mL and pre-determined amounts (100, 50, 40, 20, 10, 5, 2 and 
OpL) of the ribosomal RNA solution were then transferred to a new 96-well plate 
(COSTAR # 3997) and the volume was completed to 100pL with TE. Generally, 
column 1 of the 96-well plate was used for the standard curve and the other wells 
were used for the RNA samples to be quantified. 10uL of each RNA sample that was 
to be quantified, was transferred to the corresponding well of the 96-well plate and 
90pL of TE was added. One volume (1 OOpL) of diluted RiboGreen reagent was 



30 



35 
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added to each well of the 96-well plate and incubated for 2 to 5 minutes at room 
temperature, protected from light (a 10 RNA sample in a 200 uL final volume 
generates a 20 X dilution). The fluorescence intensity of each well was measured on 
the STORM® system (Molecular Dynamics®). A standard curve was created on the 
5 basis of the known quantities of the ribosomal RNA and the resulting fluorescent 
intensities. The RNA concentration in the experimental samples was determined 
from the standard curve and corrected for the 20X dilution. 

Reagents and Materials: 

10 



Product 


Company 


Catalog # 


Storage 


DEPC 


Sigma 


D5758 


4°C 


EDTA 


Sigma 


E5134 


RT 


Trizma-Base 


Sigma 


T8524 


RT 


Trizma-HCI 


Sigma 


T7149 


RT 


Collection Tube Strips 


Qiagen 


19562 


RT 


Ribogreen RNA Quantitation Kit 


Molecular Probe 


R11490 


-20°C 


Rneasy 96 Kit 


Qiagen 


74183 


RT 


Square-Well Blocks 


Qiagen 


19573 


RT 



Real-Time RT-PCR 

The Real-Time RT-PCR was performed on the ABI Prism 7700 Sequence Detection 
System using the TaqMan EZ RT-PCR Kit from (Perkin-Elmer Applied 

15 Biosystems®). RT-PCR was optimized for the quantification of the 5' IRES of HCV 
RNA by using the Taqman technology (Roche Molecular Diagnostics Systems) 
similar to the technique previously described (Martell et al., 1999. J. Clin. Microbiol. 
37: 327-332). The system exploits the 5-3' nucleolytic activity of AmpliTaq DNA 
polymerase. Briefly, the method utilizes a dual-labeled fluorogenic hybridization 

20 probe (SEQ ID NO. 4) that specifically anneals to the template between the PCR 
primers (SEQ ID NO. 2 and SEQ ID NO. 3). The 5' end of the probe contains a 
fluorescent reporter (6-carboxyfluorescein [FAM]) and the 3' end contains a 
fluorescent quencher (6-carboxytetramethylrhodamine [TAMRA]). The FAM 
reporter's emission spectrum was suppressed by the quencher on the intact 

25 hybridization probe. Nuclease degradation of the hybridization probe releases the 
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reporter, resulting in an increase in fluorescence emission. The ABI Prism 7700 
sequence detector measures the increase in fluorescence emission continuously 
during the PCR amplification such that the amplified product was directly proportional 
to the signal. An amplification plot represents the logarithmic phase of product 
accumulation and a point representing a defined detection threshold of the increase 
in the fluorescent signal associated with the exponential growth of the PCR product 
forthe sequence detector was defined as thecycle threshold (C r ). C r values are 
inversely proportional to the quantity of input HCV RNA; such that under identical 
PCR conditions, the larger the starting concentration of HCV RNA, the lower the C T . 
A standard curve was created automatically by the ABI Prism 7700 detection system 
by plotting the C T against each standard dilution of known HCV RNA concentration. 
Reference samples forthe standard curve are included on each RT-PCR plate. HCV 
Replicon RNA was synthesized (by T7 transcription) in vitro, purified and quantified 
by ODzeo. Considering that 1ug of this RNA = 2.15 X 10 11 RNA copies, dilutions are 
made in order to have 10 8 , 10 7 , 10 6 , 10 5 , 10 4 , 10 3 or 10 2 genomic RNA copies / 5uL. 
Total cellular Huh-7 RNA was also incorporated with each dilution (50ng / 5uL). 5uL 
of each reference standard (HCV Replicon + Huh-7 RNA) was combined with 45uL 
of Reagent Mix, and used in the Real-Time RT-PCR reaction. 
The Real-Time RT-PCR reaction was set-up for the experimental samples that were 
purified on RNeasy 96 -well plates by combining 5ul of each total cellular RNA 
sample with 45uL of Reagent Mix. 



Reagents and Materials: 



Product 


Company 


Catalog # 


Storage 




PE Applied Biosystems 


N808-0236 


-20°C 


MicroAmp Optical Caps 


PE Applied Biosystems 


N801-0935 


RT 


MicroAmp Optical 96-Well 
Reaction Plate 


PE Applied Biosystems 


N801-0560 


RT 



25 Reagent Mix preparation: 



Component 


Volume 
for one 
sample 


Volume for One Plate 
(uL) (91 samples + Dead 
Volume) 


Final 
cone. 




16.5 


1617 
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5XTaqManEZ buffer 

i 


10 


980 


1X 


Mn(OAc) 2 (25mM) 


6 


588 


3mM 


dATP (10mM) 


1.5 


147 


300uM 


dCTP (10mM) 


1.5 


147 


300uM 


dGTP (10mM) 


1.5 


147 


300pM 


dUTP (20mM) 


1.5 


147 1 


600pM 


Forward Primer (lOpM) 


1 


98 


200nM 


Reverse Primpr MOuM} 








PUTR probe (5pM) 


2 


196 


200nM 


rTth DNA polymerase 
(2.5 U/pL) 


2 


196 


0.1 U/pL 


AmpEraseUNG (1U/pl_) 


0.5 


49 


0.01 U/pL 


Total Volume 


45 


4410 





Forward Primer Sequence (SEQ ID NO. 2): 5' - ACG CAG AAA GCG TCT AGC 

CAT GGC GTT AGT - 3' 



5 Reverse Primer Sequence (SEQ ID NO. 3): 5' - TCC CGG GGC ACT CGC AAG 

CAC CCT ATC AGG - 3* 



10 



Note: Those primers amplify a region of 256-nt present within the 5' untranslated 
region of HCV. 



PUTR Probe Sequence (SEQ ID NO. 4): 1 6FAM | - TGG TCT GCG GAA CCG GTG 
AGT ACA CC - ITAMRA I 



No Template Controls (NTC): On each plate, 4 wells are used as "NTC. For these 
15 controls, 5pl of water are added to the well in place of RNA. 

Thermal Cycling Conditions : 
50°C 2 min 
60°C 30 min 
20 95°C 5 min 
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95°C 15 sec") 

etnor- i f for 2 cycles 
6(rC 1 mm J 

90°C 15 sec "J 
60°C 1min J f0r40cycles 

Following the termination of the RT-PCR reaction the data analysis requires setting 
of threshold fluorescence signal for the PCR plate and a standard curve was 
constructed by plotting the Ct value versus RNA copy number used in each 
reference reaction. The Ct values obtained for the assay samples were used to 
interpolate an RNA copy number based on the standard curve. 
Finally, the RNA copy number was normalized (based on the RiboGreen RNA 
quantification of the total RNA extracted from the cell culture well) and expressed as 
genome equivalents / ug of total RNA [ge/ug]. 

The RNA copy number [g.e./ug] from each well of the cell culture plate was a 
measure of the amount of replicating HCV RNA in the presence of various 
concentrations of inhibitor. The % inhibition was calculated with the following 
equation: 

20 

[100-([g.e./fjg]inh/[g.e./ijg]ctl)x100]. 

A non-linear curve fit with the Hill model was applied to the inhibition-concentration 
data, and the 50% effective concentration (EC*,) was calculated by the use of SAS 
25 software (Statistical Software System; SAS Institute, Inc. Cary, N.C.). 

Table of compounds 

The compounds listed in Tables 1 to 3 were found to be active in the above- 
described NS5B assay (described in Example 22), with iCrfs of less than 25 uM. 
30 None of these compounds were found to exhibit significant inhibition of poliovirus 
RNA dependent RNA polymerase or calf thymus DNA dependent RNA polymerase II 
(of Example 23) at 25*iM concentration. The compounds were also active in the cell- 
based assay, with EC 50 's of less than 50uM. 



35 In the Tables 1 to 3, the following ranges apply: 
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For ICso A = 25nM-5p.M; B = 5-0.5nM; and C = <0.5jiM 
For EC 50 A = 50nM-5jiM; and B = <5\M 
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Cpd.# 


> * 


A 


ICso 


EC S0 


m/z 
(M+H) + 


1006 


0 


A> 


\° 

OH 


B 


- 


589.3 


1007 


-A- 




B 




515.3 


1008 


A 






B 




515.3 


1009 


■A 




y^OH 


B 


— 


529.3 


1010 


A 




11^°" 
"CI 


B 


- 


562.1 


1011 


A 


* 

XT 


O 

ll >>0H 


B 


- 


555.2 


1012 


A 


HO 


B 




567.2 
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Cpd.# 




A 


ICso 


EC 50 


mlz 
(M+H) + 


1019 


\ - 


r 

OH 


B 


-- 


595.2 


1020 


•A- 


'^^^IJ^j^C^OH 


A 




549.2 


1021 


•A- 




A 




549.2 


1022 


•A 




B 


A 


548.2 


1023 




/ ■ IN 

T 

OH 


B 


- 


614.2 


1024 




Av 


B 




555.2 
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Cpd. 




~~l X 


ic 50 


EC 


so m/z 
(M+H) + 


|702i 
1026 


\ 




B 




559.2 ] 




I \ * 




B 


B 


539.2 j 


| 1027 
1028 






B 




581.2 


[" 1029 






B 




565.2 j 


M030 






A 


- 


633.2 1 


1031 




r 


B 


- 


609.2 




■AT 


^^^^ 
L_ 


~B 




62TT~ 
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Cpd.# 




A 


ICso 


EC50 


m/z 
(M+H) + 


1032 






B 


- 


523.2 


1033 




V 

OEt 


A 


- 


595.2 


1034 






B 


-- 


639.2 


1035 




* 

* 

^0 


B 




539.2 


lUoo 


,ft 




D 
D 




OUU.£ 


1037 


f— — I 

,ft 




B 




532 2 


1038 


/ — \ 

,ft 




B 




565.2 


1039 






B 




616.2 
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Cpd.# 




A 


IC 50 


ECso 


m/z 
(M+H) + 


1046 




O^OH 


B 


- 


598.2 


1047 




1 OH 


B 


- 


571.2 


1048 




OH 

I 

HO^O 


B 


- 


585.2 


1049 


51 


f 

t 


B 


-- 


589.3 


1050 




. * 


B 




531.2 


1051 




O 

'"^ij^j^^^OH 


B 


... 


569.2 


1052 




O 

' Sv |j^^'^OMe 
HO^O 


B 




599.2 
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Cpd.# 




A 


ICso 


EC 50 


m/z 
(M+H) + 


1060 


■A - 


/=0 
HO 


C 


A 


567.2 


1061 


A- 


0 

V-OH 


c 




567.2 


1062 




OH 


B 


~ 


603.3 


1063 




* 


C 


— 


555.2 


1064 




^^^^ 


B 


- 


557.3 


1065 




HO 
\=0 


C 




567.2 
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Cpd.# 




A 


IC 50 


EC S0 


m/z 
(M+H) + 


1072 


& 


! 

OH 


C 


B 


581.2 


1073 




I . 


B 


— 


547.2 


1074 






B 


B 


581.2 


1075 




* 

/ 

OH 


C 


A 


541.3 


1076 




0 

i 

OH 


B 


B 


555.3 | 


1077 






C 


B 


594.3 
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Cpd. 


1 ;x. 


A 


I . IC 50 


EC 5 


j rn/z 
(M+H) + 


1078 


H 


/ 

/ 


B 


B 


586.1 


1079 




OH 


C 


A 


513.1 j 


1080 




0 


C 


B 


607.2 


1081 


sz 


U 


c 


- 


608.2"! 


1082 






B 


- 


579.3 


1083 




I 


C 


B 


581.3 


1084 


^1 


0 

V-OH 


B 




654.3 
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Cpd.# 


rx; 


A 


ICso 


ECa, 


m/z 
(M+H) + 














1085 


Si 


/ 




> 


C 


B 


608.3 


1086 


\ 

\ 






V 


c 


-- 


618.2 


1087 








c 


- 


554.3 


1088 




/ 




V 

OH 


c 


B 


581.3 


1089 


W 

N ' 


T 


II 0 

OH 


c 


B 


682.3 


1090 


S3. 


i 




s^y oh 


c 




624.2 
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Cpd.# 


> 


A 


IC 50 


EC 50 


m/z 


1091 




0 


B 


B 


638.2 


1092 


f 


T 

O^OH 


A 




614.3 


1093 




\- 

OH 


C 


B 


541.2 


1094 




OH 


C 


B 


553.2 


1095 


n 


/ 

/ 

OH 


C 


B 


567.3 


1096 






C 




541.2 
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Cpd.# 




! A 


ICso 


ECso 


m/z 
(M+H) + 


1097 






C 




540.2 










A 
M 


con Q 


1099 






c 


B 


611.2 


1100 




X 


c 


B 


582.3 


1101 






c 


-- 


609.3 


1102 






c 


- 


623.2 


1103 

i 


•X- 


O 


c 




598.2 
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Cpd.# 


r3 v r4 


A 


ICso 


EC 50 


m/z 
(M+H) + 


1104 


,0" 

(+) enantiomer 


\ 


B 


B 


609.3 


1105 


(-) enantiomer 


\ 


C 


B 


609.3 


1108 


r 




C 


B 


667.3 


1109 


r 


11 m NH, 


C 


B 


666.3 


1110 




Vvi-r 

H 0 


C 


- 


721.2 


1111 




N NH 2 


B 




590.4 
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Cpd.# 


R 1 


R 2 




ICso 


EC 50 


m/z 
(M+H) + 


2015 




T 

6 




B 




607.2 


2016 


/ 


"V 

Racemlc mixture 


.ft 


B 


- 


592.3 


2017 




'V 

Racemic mixture 




C 


B 


579.3 


2018 




"V 

Racemic mixture 




B 


• _ 


589.3 


2019 




"V 

Racemic mixture 




C 


B 


595.2 


2020 


or 


"V 

Racemic mixture 




C 


B 


590.3 


2021 




Y 

Racemic mixture 




C 


B 


579.3 
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Cpd.# 



2030 



(X. 




IC, 



50 



EC 



50 



B 



m/z 
(M+H) + 

538.3 



2031 




V-6 




B 



593.2 



2032 





Mixture of enantiome 
diastereoisomers 



B 



608.3 



2033 





Mixture of enantiome 



B 



B 



595.3 



2034 





Mixture of enantiome 
diastereoisomers 




B 



605.3 



2035 



a. 





Mixture of enantiome 



B 



611.3 



2036 






Mixture of enantiome 
diastereoisomers 



B 



B 



606.3 
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Cpd.# 


R 1 




R 2 




ic 50 


ECso 


m/z 
(M+H)* 
















2037 








o 


B 


B 


595.3 






u 

Mixture of enantiom 
diastereoisomers 


> 








2038 








■ft 


B 


- 


594.3 






Mixture of enantiome 
diastereoisomers 










2039 


n 

o T ■ 








B 


- 


649.3 






Mixture of enantiome 
diastereoisomers 






■ 




2040 










B 




594.3 






Racemic mixture 










2041 


Ov- 




X, 


TV 


B 


- 

I 


581.3 






Racemic mixture 










2042 


er' 








B 




591.3 






Racemic mixture 
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TABLE 3 




Compound entry 

# 


B 


D 


IC 50 


EC 50 


m/z(M+H) + 


3001 


N 


CH 


c 


A 


528.2 


3002 


CH 


CMe 


B 




541.2 


3003 


CMe 


CH 


B 


A 


541.2 
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We CLAIM: 



15 



20 



1 • An isomer, enantiomer, (^stereoisomer, or tautomer of 
represented by formula I: 



a compound, 




I 

5 wherein 

R 1 is selected from: R 11 , OR", SR", COOR", S0 2 N(R 12 ) 2) N(R' 2 ) 2 , , CON(R«) 2 
NR' 2 C(0)R' 2 or NR"C(0)NR- wherein R" and each R« is independently H (C, 
e)alkyl, haloalkyl, (C 2 .)alkenyl, (C, 7 )cycloalkyl, (C^alkynyl, (C, 7 )cycloalkenyl, 6 or 
10-membered aryl or Het, said R" and R' 2 being optionally substituted with R 10 - or 
10 both R 12 are bonded together to form a 5, 6 or 7-membered saturated heterocycle 
with the nitrogen to which they are attached; 

R 2 is selected from (C^aikyl, haloalkyl, (C 3 . 7 )cycloalkyl, (C^cycloalkenyl, 
(C 6 , 0 )bicycloalkyl, (C^bicycloalkenyl, 6- or 10-membered aryl, Het, (C^alkyl-aryl 
or(C^)alkyl-Het, 

said alkyl, cycloalkyl, cycloalkenyl, bicycloalkyl, bicycloalkenyl, aryl, Het, alkyl- 
aryl and alkyl-Het being optionally substituted with from 1 to 4 substituents 
selected from: halogen, or 

a) (C,.6)alkyl optionally substituted with: 

- OR 21 orSR 21 wherein R 21 is H, (C^alkyl), (C 3 . 7 )cycloalkyl, 
(C^)alkyl-(C3. 7 )cycloalkyl, aryl, Het, (C^alkyl-aryl or (C,. 
e)alkyl-Het; or 

- N(R 22 ) 2 wherein each R 22 is independently H, (C^alkyl, (Cg. 
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7 )cycloalkyl, (d^alkyl^C^cycloalky!, aryl, Het, (d^alkyl-aryl 
or (C^alkyl-Het; or both R 22 are covalently bonded together 
and to the nitrogen to which they are attached to form a 5, 6 or 
7-membered saturated heterocycle; 
5 b) OR 23 wherein R 23 is H, (d^alkyl, (C^cycioalkyl or 

(Ci^)alkyl-(C 3 . 7 )cycloalkyi, aryl, Het, (d^alkyl-aryl or (d^alkyl-Het; 

c) SR 24 wherein R 24 is H, (C^alkyl, (C^cycloalkyl, or 

(Ci^alkyl-fCa^cycloalkyl, aryl, Het, (C^alkyl-aryl or (C^)alkyl-Het; 

and 

10 d) N(R 25 ) 2 wherein each R 25 is independently H, (d^alkyl, 

(Cs-yjcycloalkyl, (d^alkyl^C^Jcycloalkyl, aryl, Het, (C 1 ^)alkyl-aryl or 
(d-e)alkyl-Het; or both R 25 are covalently bonded together and to the 
nitrogen to which they are attached to form a 5, 6 or 7-membered 
saturated heterocycle; 

15 

B is N or CR 5 , wherein R 5 is H, halogen, (d-e)alkyl, haloalkyl, (C 3 . 7 )cycloalkyl 0 r (C 1 . 
6 )alkyl-(C 3 . 7 )cycloalkyl; or R 5 is OR 51 or SR 51 , COR 51 or NR 51 COR 51 wherein each R 51 
is independently H, (d-e)alkyl), (C 3 . 7 )cycloalkyl or (d^)alkyl-(C3- 7 )cycloalkyl; 
or R 5 is NR 52 R 53 wherein R 52 and R 53 are each independently H, (d^alkyl, (d. 
20 7 )cycloalkyl, (d-eJalkyKQ^cycloalkyl, or both R 52 and R 53 are covalently bonded 
together and to the nitrogen to which they are attached to form a 5, 6 or 7-membered 
saturated heterocycle; 

X is N or CR 5 , wherein R 5 is as defined above; 

25 

D is N or CR 5 , wherein R 5 is as defined above; 



each of Y A and Y 2 is independently O or S; 



30 Z is O, N, or NR 6 wherein R 6 is H, (d-^alkyl, (C^cycloalkyl or 
(Ci^)alkyl-(C 3 . 7 )cycloalkyl; 
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R 3 and R 4 are each independently H, (C 14 )alkyl, haloalkyl, (C^cycloalkyl, 6- or 10- 
membered aryl, Het, (C^alkyl-aryl, (C^)alkyl-Het, wherein said alkyl, cycloalkyl, 
aryl, Het, (Ct^alkyl-aryJ, (d^alkyl-Het are optionally substituted with R 30 ; or 
5 R 7 and R 8 are covalently bonded together to form second (C^cycloalkyl or a 4, 5- or 
6-membered heterocycle having from 1 to 3 heteroatom selected from O, N, and S; 
or when 2 is NR 6 , either of R 7 or R 8 is covalently bonded to R 6 to form a nitrogen- 
containing 5-or 6-membered heterocycle; 

10 R 7 is H, (C,« alkyl), (C^cycloalkyl or (C 1 ^alkyf-(C 3 . 7 )cycloa1kyl, aryl, Het, (C^alkyl- 
aryl or (C^alkyl-Het, all of which optionally substituted with R 70 ; or 
R 7 is covalently bonded to either of R 3 or R 4 to form a 5- or 6-membered heterocycle; 



15 



A is a 6- or 10-membered aryl, Het, (C,. 6 ) alkyl-aryl, (C^) alkyl-Het, (C,. 6 ) alkyl- 
CONH-aryl or (C^) alkyl-CONH-Het, all of which being optionally substituted with: 



/COOH 



fl^ 0 V^^p COOH 

0 , COOH jOrR 100. 

or a salt or a derivative thereof; 

20 wherein Het is defined as: 

5- or 6-membered heterocycle having 1 to 4 heteroatoms selected from O, N, and S, 
or a 9- or 10-membered heterobicycle having 1 to 5 heteroatoms selected from O, N 
and S; and 

25 R 10 ' R 30 , R 70 and R 100 are defined as: 

- 1 to 4 substituents selected from: halogen, OP0 3 H, N0 2 , cyano, azido, 
C(=NH)NH 2 , C(=NH)NH(C^)alkyl or C(=NH)NHCO(C^)alkyl; or 
- 1 to 4 substituents selected from: 
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a) (C^) alkyl or haloalkyl, (C^cycloalkyl, C3.7 spirocycloalkyl optionally 
containing 1 or 2 heteroatom, (C 2 ^)alkenyl f (C 2 .s)alkynyl, (C^) alkyl-(C3- 
7 )cycloalkyl, all of which optionally substituted with R 150 ; 

b) OR 104 wherein R 104 is H, (Chalky!), (C^cycloalkyl, or (C^alkyHCg. 
7 )cycloaIkyl, aryl, Het, (C^alkyljaryl or (Ci^alkyl)Het, said alkyl, cycloalkyl, 
aryl, Het, (C^alkyljaryl or (Cnjalkyl)Het being optionally substituted with 
R 150 ; 

c) OCOR 105 wherein R 105 is (C^)alkyl, (C 3 - 7 )cycloalkyl, (C^alkyHCV 
7 )cycloalkyl, Het, (C^alkyljaryl or (Ci^alkyl)Het, said alkyl, cycloalkyl, aryl, 
Het, (C^alkyljaryl or (C^alkylJHet being optionally substituted with R 150 ; 

d) SR 108 , SO 2 N(R 108 ) 2 or SO 2 N(R 108 )C(O)R 108 wherein each R 108 is 
independently H, (Chalky!, (C 3 . 7 )cycloalkyl or (C 1 - 6 )alkyl-(C 3 . 7 )cycloalkyl, aryl, 
Het, (C^alkytyaryl or (Cv 6 alkyl)Het or both R 108 are covalently bonded 
together and to the nitrogen to which they are attached to form a 5, 6 or 7- 
membered saturated heterocycle, said alkyl, cycloalkyl, aryl, Het, (Ci. 
6 alkyl)aryl or (C^alkytyHet or heterocycle being optionally substituted with 
R 150 ; 

e) NR 111 R 112 wherein R 111 is H, (C^)alkyl, (C^cycloalkyl or (C^)alkyl-(C 3 . 
7 )cycloalkyl, aryl, Het, (C^alkyl)aryl or (Ci, 6 alkyl)Het, and R 112 is H, CN, (d_ 

6 ) alkyl, (C3_ 7 )cycloalkyl or (C^alkyKC^cycloalkyl, aryl, Het, (Ci^alkyl)aryl, 
(C^alkylJHet , COOR 115 or S0 2 R 115 wherein R 115 is (C^)alkyl, (C3. 

7 ) cycIoalkyl, or (C^alkyHC^cycloalkyl, aryl, Het, (C^alkyljaryl or (C1. 
6 alkyl)Het, or both R 111 and R 112 are covalently bonded together and to the 
nitrogen to which they are attached to form a 5, 6 or 7-membered saturated 
heterocycle, said alkyl, cycloalkyl, aryl, Het, (C^alkyl)aryl or (C^alkyl)Het, or 
heterocycle being optionally substituted with R 150 ; 

f) NR 116 COR 117 wherein R 116 and R 117 is each H, (C^alkyl, (C^cycloalkyl, 
(Ci^alkyl-CCs.^cycloalkyl, aryl, Het, (C^alkyljaryi or (C^alkyl)Het, said (Ci. 
6 )alkyl, (C3- 7 )cycloalkyl, (Ci^)alkyl-(C3- 7 )cycloalkyl, aryl, Het, (C 1 . 6 alkyl)aryl or 
(C^alkyl)Het being optionally substituted with R 150 ; 
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10 



15 



20 



25 



30 



M. or R ia covaWy bonded t0 „» and „ „. ^ J " 
orF. andR are covalently bonded together and to ftp „ ilrog e„ „ which 

«U« « (C^ai^cy^, «* He,, (C,^ or (c , 
.alkyl)Hel or hetemcycle being optionally subaitoted with R'»- 
h) W-OOOOR- wneretn *- and «- „ each H, (C,^, ,c, 

m °: <CMalk " m ^ ^ **** ** 
(Cwdkyoaryl o, MM* being optionally aubatitoted with R<* 

<C,**yi <C„,cyc,oa, M . .ftjuwy^ aryl , Het _ ft 
-*H or (C^He,, or R'» la OH or 0(C,«a, ¥) 0 , both R 1M are 
covatentiy bonded together to fc™ a 5, a o, 7- m e mb e re d aatated 

(C,«. and heterocvde being optenaiv substlluted wlthR ,„. 

™i ^ " (C '■« a " <yl,He, W " S w«h R'»- 

r XM ar» „e,, (0,^^0,(0,^,, said ^ J£ 

6 aiKyl)Het being optionally substituted with R 150 - 

*> C ° NR,a ""'*-,nR-andR.»are,„dependan % H, ( c,^ k yi ft 

*«H* or both R™ and R-„ covaMy bonded together aLto ftp 
™roge„ ,o which theyare attache, ,o ,o m a 5, 6 or tiered aa ,1 
Heterocycfc.aaldalM. cyc,oa, M , ™ 



PCT/CA02/01129 



104 

(Ci^alkyl)Het and heterocycle being optionally substituted withR 150 ; 
I) aryl, Het, (C^alkyl)aryl or (C^alkyl)Het, all of which being optionally 
substituted with R 150 ; and 

wherein R 150 is defined as: 

1 to 3 substituents selected from: halogen, OPO3H, N0 2 , cyano, 
azido, C(=NH)NH 2 , C(=NH)NH(C 1< )alkyl or C(=NH)NHCO(C^)alkyl; 
or 1 to 3 substituents selected from: 

a) (C^) alkyl or haloalkyl, (C^cycloalkyl, C3-7 spirocycloalkyl 
optionally containing 1 or 2 heteroatom, (QnOalkenyl, (C 2 ^)alkynyl, 
(C^) alkyl-(C3. 7 )cycloalkyl, all of which optionally substituted with R 160 ; 

b) OR 104 wherein R 104 is H, (C^alkyl), (C^cycloalkyl, or (C^alkyl- 
(C^cycloalkyl, aryl, Het, (C^alkyljaryl or (d^alkylJHet, said alkyl, 
cycloalkyl, aryl, Het, (C^alkyOaryl or (C^alkyOHet being optionally 
substituted with R 160 ;. 

c) OCOR 105 wherein R 105 is (C^)alkyl, (C^cycloalkyl, (d^alkyl^Ca- 
7 )cycloalkyl, Het, (C^alkyljaryl or (Ci^alkyl)Het, said alkyl, cycloalkyl, 
aryl, Het, (C^alkyOaryl or (C^alkyOHet being optionally substituted 
with R 160 ; 

d) SR 108 , SO 2 N(R 108 ) 2 or SO 2 N(R 108 )C(O)R 108 wherein each R 108 is 
independently H, (Ci^)alkyl, (C^cycloalkyl or (C 1 . 6 )alkyl-(C 3 . 
7 )cycloalkyl, aryl, Het, (C^alkyl)aryl or (C,^alkyl)Het or both R 108 are 
covalently bonded together and to the nitrogen to which they are 
attached to form a 5, 6 or 7-membered saturated heterocycle, said 
alkyl, cycloalkyl, aryl, Het, (C^alkyOaryl or (C^alkyl)Het or 
heterocycle being optionally substituted with R 160 ; 

e) NR 111 R 112 wherein R 111 is H, (C^)alkyl, (C^cycloalkyl or (C,. 
6 )alkyl-(C3. 7 )cycloalkyl, aryl, Het, (C^alkyl)aryl or (C^alkyOHet, and 
R 112 is H, CN, (C^)alkyl, (C^cycloalkyl or (C^)alkyl-(C3- 7 )cycloalkyl, 
aryl, Het, (C^alkyl)aryl, (C^alkyl)Het , COOR 115 or S0 2 R 115 wherein 
R 115 is (C^)alkyl, (C3. 7 )cycloalkyl, or (d^alkyl-CC^cycloalkyl, aryl, 
Het, (C^alkyl)aryl or (C^alkyl)Het, or both R 111 and R 112 are 
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covalenay bonded loge0 , er and ,o the nlbogen to which , hey are 

2 ,'° T a 5i 6 or 7 " TOmbered hefe -V*. - 

"* **■■* "* "* < c ^M)a* or (0,^,HH or 
heterocycle being optionally sutatiluted will, R'»- 

• r?"!? R " 7wh6,BinB " ,andR " ,is6a * H ''' c '^.<c, 

(C^-^cyc^, ^ Het , (Ci 

ad , T ^ MCVClMlM ' W-<^>™ 
-* ■£ (C„alM)ary, or (C^DHe, being opbona.y substituted 

9) NR"WV», wherein I,™, R«W»lseachH ,C 

(Cloyoloalkyi, (C^^o^ob^. ary |, Het (c , 
-M-JI or (C^He,, or R™ „ ^ R ,„ 

** ""^ ,o which they are abached ,o form a 5, 6 or 7-otentbJ 

««" - «- at* covalendy bended 
together and to the nitrogen ,o which ,hey a re attaohed ,o lorm a 5 6 

heterocycle being optionally substituted with R"»- 

h) NR 1J1 COCOR 1aa wherein R* ai and R m is each H (Clalkv. <c 

m ■£ „t M)a,y, r <c ' 4a,MiHe ' be,ng — 

R , or R is OR- or N(R^ wherein R«ahd each „« ,s 
tndependen«yH,,C M aM,, ( o„ ) cyo,oa, k y,,„ r( c, Ja , k y,.^ 
^^.^"•'•/^^"'^^"R-isoHor ■ 

- 7 IT T ^ ta - " a 5, s 

orT-ntentbered serrated heterocyde. said alkyl, oyoioalkyl. alkyl- 
oyoloalKyi. aryl, He., (C M alkyl)aiy| or (C,.ealkyl)Het and heterocycle 
being optionally substituted with R'»; 

I) COR- wherein n- , s H, <C„)alKyi. (Crfcydoalky, or (CJalKy,. 
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cycloalkyl, aryl, Het, (C^alkyOaryl or (C^alkylJHet being optionally 
substituted with R 160 ; 

j) tetrazoie, COOR 128 wherein R 128 is H, (C^)alkyl, (C^cycloalkyl, 
o^C^JalkyKC^cycloalkyl, aryl, Het, (C^alkyljaryl or (Cr^alkylJHet, 
5 said (d^alkyl, (C^cycloalkyl, orfC^alkyHC^cycloalkyl, aryl, Het, 

(C^alkyljaryl and (C^alkylJHet being optionally substituted with R 160 ; 
and 

k) CONR 129 R 130 wherein R 129 and R 130 are independently H, (d- 

6 ) alkyl, (C^cycloalkyl, (Ci^)alkyl-(C3- 7 )cycloalkyl, aryl, Het, (d- 
10 6 alkyl)aryi or (C 1 ^alkyl)Het, or both R 129 and R 130 are covalently 

bonded together and to the nitrogen to which they are attached to 
form a 5, 6 or 7-membered saturated heterocycle, said alkyl, 
cycloalkyl, alkyl-cycloalkyl, aryl, Het, (d^alkyl)aryl, (C^alkyl)Het and 
heterocycle being optionally substituted with R 160 ; 
15 wherein R 160 is defined as 1 or 2 substituents selected from: 

tetrazoie, halogen, CN, d. 6 alkyl, haloalkyl, COOR 161 , S0 3 H, 
SR 161 , S0 2 R 161 , OR 161 , N(R 162 ) 2 , S0 2 N(R 162 ) 2 , NR 162 COR 162 or 
CON(R 162 ) 2 , wherein R 161 and each R 162 is independently H, 
(d^)aikyl, (C^cycloalkyl or (C^alkyHCa-^cycIoalkyl; or both 
20 R 162 are covalently bonded together and to the nitrogen to 

which they are attached to form a 5, 6 or 7-membered 
saturated heterocycle, 

2. A compound according to claim 1 , wherein R 1 is selected from: (C^ 
7 )cycloalkyl, (C^cycloalkenyl, 6 or 10-membered aryl, or Het each of which being 
optionally substituted with 1 or 2 halogen or from 1 or 2 substituents selected from: 

a) (d^)alkyl, (C^cycloalkyl, (C 2 ^)alkenyl, each optionally substituted 
25 with OR 11 , SR 11 , wherein R 11 is independently H, (d-s alkyl), (C3. 

7 ) cycloalkyl, or (d^)aIkyl-(C3- 7 )cycloalkyl; 

b) OR 13 wherein R 13 is H, (d-e alkyl), (C^cycloalkyl, (C^)alkyl-(C 3 . 
7 )cycloalkyl, a 6- or 10-membered aryl, or Het; and 
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0 a6 - 0r10 - m ^ereda^orHetsaidarylorHetbeingoptlonalh. 



)cycloalkyl. 

A compound according to claim 2, wherein R 1 



* is selected from: 6 or 10- 



(CuOalkyl 

5 



A compound according to claim 4, wherein R 1 i; 



is selected from: 





; and 




6. 



A compound according to claim 5, wherein R 1 1 



is selected from: 



10 



;and 



7. 



^^"daccordingtoclaiml.wherein^isselectedfrom 

a) halogen, (c,^, 0H , or (C^elkoxy. 
«• A compound according ,o claim 7, wherein If is selected from 



WO 03/007945 PCT/CA02/01 129 



108 



(C 3 . 7 )cycloalkyl, (C^bicycloalkyl, each optionally mono- or di-substituted with 
halogen or (C^alkyl. 

9. A compound according to claim 8, wherein R 2 is selected from 
(C^cycloalkyl or (Ce-^bicycloalkyl. 

10. A compound according to claim 9, wherein R 2 is cyclopentyl, cyclohexyl, or 




11. A compound according to claim 10, wherein R 2 is cyclopentyl or cyclohexyl. 

5 

12. A compound according to claim 1 , wherein B is N or t CR 5 , wherein R 5 is H, 
halogen, haloalkyl, or (C^)alkyl. 

13. A compound according to claim 12, wherein B is N, CH or C-(C^ alkyl). 

14. A compound according to claim 13, wherein B is N, CH or C(Me). 

15. A compound according to claim 14, wherein B is CH. 

10 

16. A compound according to claim 1 , wherein X is N, CH or C-(C^ alkyl). 

17. A compound according to claim 16, wherein X is N, CH or C(Me). 

18. A compound according to claim 17, wherein X is CH. 

19. A compound according to claim 1 , wherein D is CR 5 , wherein R 5 is H, 
halogen, haloalkyl, or (Ci^)alkyl. 
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20. A compound according to claim 1 9, wherein D is CH or C(Me). 

21- A compound according to claim 20, wherein D is CH. 

22. A compound according to claim 1 wherein Y 1 is O. 

23. A compound according to claim 1 wherein Y 2 is O. 

5 

24. A compound according to claim 1 wherein both Y' and Y 2 are O. 

25. A compound according to claim 1 , wherein Z is N, or NH or O. 

26. A compound according to claim 25, whereinZ is NH or O. 

27. A compound according to claim 26, wherein Z is NH. 

28- A compound according to claim 1, wherein R* and R< are each 
•ndependently H, (C^alkyl, first (C 3 7 )cycloalkvl 6 nr m 7 
^-S-oMO-membereda^ 

C.)a.M-a^ 

from 1 or 2 substituents selected from: 

a ) (C^alkyl, (C 3 . 7 )cycloalky| or (C 2 ^)alkenyl; and 

c> OR- or COOR" wherein each R 31 is independency H or (C, 
e)alkyl; 1 1_ 

or when Z is N either r 3 nr p4,.„. ^ 

N,e,therR orR are .ndependently covalently bonded thereto to form a 
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nitrogen-containing 5-or 6-membered heterocycle. 

29. A compound according to claim 28, wherein R 3 and R 4 are each 
independently H, (C^alkyl, (C^cycloalkyl, aryl, Het, (C^Jalkyl-aryl or (d-e)alkyl- 
Het; 

or R 3 and R 4 are covalently bonded together to form cyclopropyl, cyclobutyl, 
cyclopentyl or cyclohexyl, 5- or 6-membered heterocycle having from 1 or 2 
5 heteroatom selected from N or S; 



wherein said alky!, cycloalkyl, aryl, Het, (C^alkyl-aryl, (C^alkyl-Het 
cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl or heterocycle are optionally 
substituted with from 1 or 2 substituents selected from: 

a) (C^alkyl, (C3- 7 )cycloalkyl, or (C 2 -4)alkenyl; and 



30. A compound according to claim 29, wherein R 3 and R 4 are each 
independently H, (d-e)alkyl, (C 3 . 7 )cycloalkyl, (d^alkyKCs-^cydoalkyl, aryl, Het, (d- 
6 )alkyl-phenyl, (C^Jalkyl-Het; 

or R 3 and R 4 are covalently bonded together to form cyclopropyl, cyclobutyl, 
cyclopentyl or cyclohexyl all optionally substituted with OH, (d-e alkyl) or (C 2 . 
4 )alkenyl; or R 3 and R 4 form a piperidine or a pyrrolidine both optionally substituted 
15 with (d-e alkyl) or COO(C^)alkyl. 

31. A compound according to claim 30, wherein R 3 is H or (d-e)alkyl and R 4 is 
H, (d-^alkyl, (C3_ 7 )cycloalkyl, (Ci^alkyl-aryl, aryl, (C 1 . 6 )alkyl-(C 3 . 7 )cycloalkyl, or (d- 
6 )alkyl-biaryl. 



32. A compound according to claim 31 , wherein both R 3 and R 4 are H or both 
CH 3 ; 



10 



c) 



OH or COO(d-e)alkyl. 



or R 3 is H and R 4 is selected from: " 
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R 3 and R 4 are bonded together and form: 




2 : ^o : o.o..6 r 66 




nh r>r / 

^;and 



33. A compound according to claim 1 , wherein R 7 is H or alkyl). 

34. A compound according to claim 33, wherein R 7 is H or Me. 

35. A compound according to claim .34, wherein R 7 is H. 

36. A compound according to claim 1, wherein A is a 6- or 10-membered aryl 
Het or ( Cl .) alkyl-CONH-aryl, said aryi or Het being optionally substituted with: ' 

x^^yo 

0 , halogen, or 
10 - 1 to 2 substituents selected from: 

a) (Cm) alkyl, (C^) haloalkyl, (C^cycloalkyl, (C^alkenyl, (C 2 . 
8 )alkynyl, all of which are optionally substituted with: 

- (C,.6)alkyl, (C^cycloalkyl; both optionally substituted with 
a 6 or 10-membered aryl, or Het; 
15 - OR™, COOR™ or CON(R™) 2 , wherein each R 101 is 

independently H or (C^)alkyl; 
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b) OR 104 wherein R 104 is H or (Chalky!) optionally substituted with: 
COOR 105 or CON(R 105 ) 2 wherein each R 105 is independently H or 
(Ci^)alkyl; 

d) SR 108 wherein R 108 is H or (C^alkyl optionally substituted with 

5 COOR 109 or CON(R 109 ) 2 , wherein each R 109 is independently H or (d- 

6 alkyl; 

e) NR 111 R 112 wherein R 111 and R 112 are both H; or R 111 is H and R 112 
is Het optionally substituted with (Chalky! or COOR 115 or 
CON(R 115 )2, wherein each R 11S is independently H, (C^Jalkyl, (C* 

10 7 )cycloalkyl, or (d^alkyl^Ca-yJcycloalkyl; 

j) tetrazole, COOH or COO(C 1 . 6 )alkyl; and 

k) CONR 129 R 130 wherein R 129 and R 130 are each independently H or 
(d. 6 )alkyl optionally substituted with COOH or COOfC^alkyl; and 

I) 6-or10-memberedarylorHet,saidarylor Het being optionally , 
15 substituted with from 1 to 4 substituents selected from: 

i) (d. 6 )alkyl or haloalkyl; 

ii) OR 104 - wherein R 104 is H, or (d-6)alkyl) optionally 
substituted with COOH or COOfC^Jalkyl; and 

iii) COOR 128 , NR 1111 R 112 or CON(R 129 R 130 ) 2> wherein R 128 , 
20 R 111 , R 112 , R 129 and R 130 are independently H or (Ci- 

6 )alkyl. 

37. A compound according to claim 36, wherein A is a 6- or 10-membered aryl, 
or Het, said aryl or Het being optionally substituted with: 
-halogen, or 

- 1 to 2 substituents selected from: 
25 a) (d-6) alkyl, (C 2 ^)alkenyl, (C 2 .8)alkynyl, said alkyl and alkenyl being 

optionally substituted with: 

- OH, (d^alkoxy, COOH or CONH 2 ; 
b) OH, 0(C^)alkyl)COOH or 0(C 1< alkyl)CONH 2 ; 
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d) SH, S(C^)alkylCOOH or S(C^)alkylCONH 2 ; 

j) tetrazole, COOH or CONH 2 ; and 

I) furan or thiazole mono or di- substituted with: 

0 (C^)alkyl; or 

Hi) COOH or CONH 2 . 

38. A compound according to claim 37, wherein A is phenyl, indole, benzofuran, 
benzothiophene, coumarin or quinolone, all of which optionally substituted with: 
-iodine, or 

- 1 to 2 substituents selected from: 

a) (Cm) alkyl, (C^alkenyl, (C^Jalkynyl, said alkyl and alkenyl being 
optionally substituted with: 

- OH, (C^alkoxy, COOH or CONH 2 ; 

b) OH, 0(C 1< )alkyl)COOH or 0(CM)alkyl)CONH 2 ; 
d) SH, S(CM)alkylCOOH or S(C^)alkylCONH 2 ; 

j) COOHorCONH 2 ;and 

I) furan or thiazole mono or di- substituted with: 

0 (CLeJalkyl; or 

iii) COOH or CONH 2 . 



A compound according to claim 38, wherein A is selected from 
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41 . A compound according to claim 1 , having the following formula: 




wherein R 3 and R 4 are each independently H, (Ci^)alkyl, first (C^cycloalkyl, 6- or 
10-membered aryl, Het, (C^alkyl-S- or 10-membered aryl, (CuOalkyl-Het; . 
or R 3 and R 4 are independently covalently bonded together to form second (C^ 
5 7 )cycloalkyl, 5- or 6-membered heterocycle having froml to 4 heteroatom selected 
from O, N, and S; 

wherein said alkyl, first and second cycloalkyl, aryl, Het, 
(C^alkyl-aryl, (C^alkyl-Het or heterocycle are optionally substituted with 
from 1 or 2 substituents selected from: 
10 a) (C^alkyl, (C^cycloalkyl or (C 2 ^)alkenyl; and 

c) OR 101 or COOR 101 ? wherein each R 101 is independently H or 
(C^Jalkyl; and 

A is a 6- or 10-membered aryl, Het or (C^alkyl-CONH-aryl, said aryl or Het being 
optionally substituted with: 

15 ° , halogen, or 

- 1 to 2 substituents selected from: 

a) (d-e) alkyl, haloalkyl, (C 3 . 7 )cycloalkyl, (C 2 -6)alkenyl, (C^alkynyl, 
all of which are optionally substituted with: 

- second (C^Jalkyl, second (C 3 . 7 )cycloalkyl; said second 
20 alkyl or second cycloalkyl being optionally substituted with 

a 6 or 10-membered aryl, or Het; 

- OR 101 , COOR 101 or CON(R 101 ) 2 , wherein each R 101 is 
independently H or (C^alkyl; 
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10 



15 



20 



42. 



b) OR 104 wherein R 104 is H or (C^alkyl) optionally substituted with: 
COOH, COO(C^)alkyl or CONH 2 ; 

d) SR 108 wherein R 108 is H or (C^alkyl optionally substituted with 
COOH, COOCd^alkyl or CONH 2 ; 

e) NR 111 R 112 wherein both R 111 and R 112 are H; or R 111 is H and 
R 112 is Het optionally substituted with (C 1 . 6 )alky|, COOR 115 or 
CON(R 115 ) 2 , wherein each R 115 is independently H, (C^alkyl, (C3. 
7 )cycloalkyl, or (Ct^alkyl-^cycloalkyl; 

j) COOH or COO(C^)alkyl; and 

k) CONR 128 * 88 wherejn R « and R130 are independent)y „ Qr 

6 )alkyl optionally substituted with COOH or COO(C^)alky|; and 
I) . 6- or 10-membered aryl or Het, said aryl or Het being optionally 
substituted with from 1 to 4 substituents selected from: 
i) (Ci-6)alkylorhaloalkyl; 
") OR 104 - wherein R 104 is H, or (C^alkyl) optionally 

substituted with COOH or COO(C M )alkyl; and 
iii) COOR 128 , NR 111 R" 2 or CON(R ,29 R 1 % wherein R 128 , 
R , R 112 , R 129 and R 130 are independently H or (C,. 
e)alkyl. 

A compound according to claim 1 , having the following formula:. 

O r,3 „4 



R 1 — // 



R 2 

III 

wherein 

R 1 is selected from: (C 3 . 7 )cycloalkyl ( (C^cycloalkenyl, 6 or 10-membered aryl or 
Het, each of which being optionally substituted with 1 or 2 halogen or from 1 or 2 
25 substituents selected from: 
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a) (d^alkyl, (C 2 ^)alkenyl, (C^cycloalkyl, each optionally substituted 
with OR 11 , SR 11 , wherein R 11 is H, (Ce alkyl), (C^cycloalkyl, or (Ci. 
6 )alkyl-(C3-7)cycloalkyl; 



5 



b) OR 13 wherein R 13 is H, (C M alkyl), (C^cycloalkyl, (C^)aikyl-(C3. 

* 

7 )cycloalkyl, a 6- or 10-membered aryl, or Het; and 



f) a 6- or 10-membered aryl or Het, said aryl or Het being optionally 
substituted with (C^alkyl, (C^cycloalkyl or (d-eJalkyKd- 
7 )cycloalkyl; 



10 R 2 is selected from (C^cycloalkyl, (C6. 10 )bicycloalkyl, each optionally substituted 
with 1 or 2 substituents selected from: halogen, (Chalky!, OH, and (d-e)alkoxy; 

R 3 and R 4 are each independently H, (d-e)alkyl, first (C^cycloalkyl, 6- or 10- 
membered aryl, Het (d-e)alkyl-6- or 10-membered aryl, (d-e)alkyl-Het; 
15 . or R 3 and R 4 are covalently bonded together to form second (C^cycloalkyl, 5- or 6- 
membered heterocycle having froml to 4 heteroatom selected from 0, N, and S; 



c) OR 31 or COOR 31 , wherein R 31 is H or (d-e)alkyl; and 

A 1 is a 6- or 10-membered aryl, Het or (d-e) alkyl-CONH-aryl, said aryl or Het being 
optionally substituted with: 



wherein said alkyl, first and second cycloalkyl, aryl, Het, (d-e)alkyl-aryl, (d- 
6 )alkyl-Het or heterocycle are optionally substituted with from 1 or 2 
substituents selected from: 



20 



a) (d-e)alkyl, (C 3 . 7 )cycloalkyl or (C 2 ^)alkenyl; and 




, halogen, or 



25 



- 1 to 2 substituents selected from: 



a) (d-e) alkyl, (d-e) haloalkyl, (C 3 . 7 )cycloalkyl, (C 2 ^)alkenyl, (C 2 . 



8 )alkynyl, all of which are optionally substituted with: 

- second (d-6)alkyl or second (C^cycloalkyl, said second 
alkyl or second cycloalkyl being optionally substituted with a 6 
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or 10-membered aryl or Het; or 
- OR 101 ,COOR 101 or CONH 2 , wherein each R 101 is 
independently H or (C^alkyl; 

b) OR 104 wherein R 104 is H or (Chalky!) optionally substituted with: 
COOH, CbO(C^)alkyl orCONH 2 ; 

d) SR 108 wherein R 108 is H or (C^alkyl optionally substituted with 
COOH, COO(C^)alkyl or CONH 2 ; 

e) NR 111 R 112 wherein R 111 and R 112 are both H; or R 111 is H and 

R 112 is Het optionally substituted with (Ct^alkyl, CONH 2 or COOR 115 

wherein R m is H, (C^alkyl, (C^cycloalkyl, or (C^alkyl-^. 
7 )cycloalkyl; 

j) COOH or COOfC^alkyl; 

k) CONR 129 R 130 wherein R 129 and R 130 are each independently H or 
(C^alkyl optionally substituted with COOH or COOtd^alkyl; and 
I) 6- or 10-membered aryl or Het, said aiyl or Het being optionally 
substituted with from 1 to 4 substituents selected from: 

i) (C^alkylorhaloalkyl; 

ii) OR 104 wherein R 104 is H, or (C^alkyl) optionally 
substituted with COOH or COOtd^alkyl; and 

iii) COOR 128 , NR ,11 R 112 or CON(R 129 R 138 ) 2> wherein R 128 , 
R 111 , R 112 , R 129 and R 130 are independently H or (C,. 
6 )alkyl. 
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43. A compound according to claim 1 , having the following formula: 




wherein 

D is CH or C(C^)alkyl; 
BisN,CH, orC(Ci-6)alkyl; 
5 R 3 and R 4 are each independently H, (C^alkyl, first (C^cycloalkyl, 6- or 10- 
membered aryl, Het, (C^alkyl-B- or 10-membered aryl, (C^alkyi-Het; 
or R 3 and R 4 are covalently bonded together to form second (C^cycloalkyl, 5- or 6- 
membered heterocycle having froml to 4 heteroatom selected from O, N, and S; 
wherein said alkyl, first and second cycloalkyl, aryl, Het, 
10 (Ci-ejalkyl-aryl, (Ci^)alkyl-Het or heterocycle are optionally substituted with 

from 1 or 2 substituents selected from: 

a) (d-ejalkyl, (C^cycloalkyl or (C 2 ^)alkenyl; and 
c) OR 31 or COOR 31 f wherein R 31 is H or (C^)alkyl; and 
A 1 is a 6- or 10-membered aryl, Het or (C^) alkyl-CONH-aryl, said aryl or Het being 
1 5 optionally substituted with; 

U ° , halogen, or 
- 1 to 2 substituents selected from: 

a) (C^) alkyl, (C^) haloalkyl, (C 3 -7)cycloalkyl, (C 2 -6)alkenyl, (C 2 - 
8 )alkynyl, all of which are optionally substituted with: 
20 - second (C^alkyl or second (C^cycloalkyl, said second 

alkyl or second cycloalkyl being optionally substituted with 
a 6 or 10-membered aryl or Het; 
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10 



15 



20 



- OR 101 , COOR 101 or CONH 2 , wherein each R 101 is 

independently H or (C^)alkyl; 
b) OR 1M wherein is H or (C^alkyl) optionally substituted with: 
COOH, COO(C^)alky| orCONH 2 ; 

d) SR" 8 wherein R 108 is H or (C^alkyl optionally substituted with 
COOH, COO(C^)alkyl or CONH 2 ; 

e) NR 111 R 112 wherein R 111 and R"* are both H; or R 111 is H and 

,s Het 0 P«onally substituted with (C^alkyl, CONH 2 or 
COOR 115 wherein R 11s is H, (C^alkyl, (C^cycloalkyl, or ( Cl . 
6 )alkyl-(C3. 7 )cycloalkyl; 
j) COOHorCOO(C^)alkyl; 

k) CONR-R-o wnerein Rl29an(j Rl30are each jndependent(yiH ^ 
(Chalky! optionally substituted with COOH or COO(C,. 6 )alkyl; and 
I) 6- or 10-membered aryl or Het, said aryl or Het being optionally 
substituted with from 1 to 4 substituents selected from: 

0 (C^alkyl or haloalkyl; 

") OR"%,herein R 104 is H, or (C^)alkyl) optionally 
substituted with COOH or COO(C^)alkyl; and 

110 c i?i 0R i; t r112 ° r con(ri29ri3o > 2 ' wheref n R ,2s . 

R , R 112 , R 129 and R 130 are independently H or (C 



6 )alkyl. 

44. A compound of formula la: 



R 2 



la 
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wherein R 1 is selected from: 5- or 6-membered heterocycle having 1 to 4 
heteroatoms selected from O, N, and S and phenyl, said heterocycle and phenyl 
being optionally substituted with from 1 to 4 (C M )alkyl substituents; 

5 R 2 is selected from: (Cs-yjcycloalkyl, (C 3 - 7 )cycloalkyl(d-3)alkyl, and norbornane; 

XisCHorN; 

R 6 is H or (d* alkyl); 

Y is O or S; 

10 B is N or CR 5 , wherein R 5 is H or (d-e) alkyl with the proviso that X and B are not 
both N; 

Zis O, N, or NH; 

W is CR 3 R 4 wherein R 3 and R 4 are each independently H, (d-e alkyl), (C^ 
cycloalkyl), (d. 6 alkyl)phenyl, (d-6 alkyl)-(C3- 7 cycloalkyl), (C 3 . 7 cycloalkylM d-s alkyl), 

15 (C 3 . 7 cycloalkyI)-(C 2 -4 alkenyl), (C^ alkyl)-OH, phenyl, CH 2 biphenyl, 5- or 

6-membered heterocycle having froml to 4 heteroatoms selected from O, N, and S, 
9- or 10-membered heterobicycle having 1 to 4 heteroatoms selected from O, N, and 
S, (d-e alkyl)-5- or 6-membered heterocycle having froml to 4 heteroatoms selected 
from O, N, and S, or (d-e alkyl)-9- or 10-membered heterobicycle having 1 to 4 

20 heteroatoms selected from O, N, and S, or R 3 and R 4 are covalently bonded 

together to form (C3.7 cycloalkyl), 4-, 5- or 6-membered heterocycle having froml to 4 
heteroatoms selected from O, N, and S; or when Z is N, either R 3 or R 4 is covalently 
bonded thereto to form a 5-membered heterocycle; 

wherein said alkyl, cycloalkyl, heterocycle, heterobicycle, phenyl are 
optionally substituted with from 1 to 4 substituents selected from: OH, COOH, 
(d-e alkyl), (C 2 ^ alkenyl), CONH 2 , NH 2 , NH(d-e alkyl), N(d-e alkyl) 2) 
NHCOCOOH, NHCOCON(d-6 alkyl) 2 , NHCOCONH(C^ alkyl), SH, S(d-s 
alkyl), NHC(=NH)NH 2 , and COO(d-6alkyl); 

25 

R 7 is H or (d-e alkyl); 
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10 



15 



20 



25 



30 



A is selected from: (C 1 . 3 alkyl)CONHa l yl, 6- or 10-membered aryl, biphenyl, 5- or 
6-atom heterocycle having 1 to 4 heteroatoms selected from O, N and S, 9- or 
10-membered heterobicycle having 1 to 4 heteroatoms selected from O, N and S; 
wherein said aryl, biphenyl, first heterocycle, and heterobicycle are all 
optionally substituted with from 1 to 4 substituents selected from: OH, COOH, 
COO(C^)alkyl, (C^)alkyl, (C^alkylCOOH, (C,* alkyl)(C M alkynyl), ' 
(C^alkyl-hydroxy, phenyl, benzyloxy, halogen, (C^alkenyl, (C^)al'kenyl- 
(C^alkyl-COOH, 5- or 6-membered second heterocycle having 1 to 4 
heteroatoms selected from O, N and S, NH-5- or 6- membered heterocycle 
having 1 to 4 heteroatoms selected from O, N, and S, 

wherein said second heterocycle and phenyl being optionally 
substituted with from 1 to 4 substituents selected from: (C^ alkyl), 
CF 3 , OH, (Cealkyl) COOH, 0(C^alkyl)COOH, (C^alkyl) 000(0,. 
ealkyl), CH 2 phenyl, COO(C^ alkyl), (0.^1)0(^311^1), COOH, 
NCHCCeaJkyOs, NCO(C 1 . 6 alkyl), NH 2 , NH(C^ alkyl), and N(C, 6 ' 
alkyl) 2 ; 

halogen, OP0 3 H, benzyl, sulfonamido, SH, SOCH 3 , S0 3 H, S0 2 CH 3 , S(C^ 
alkyl)COOH, -CONH 2 , -COCH 3 , (C^alkyl, (C M alkenyl)C00H 

wherein said alkenyl is optionally substituted with from 1 to 2 

(C^ alkyl) substituents, 
(C^alkenyl)COO(C^alkyl), tetrazolyl, COOH, triazolyl, OH, N0 2 , NH 2 , 
-0(CH 2 ) p COOH, hydantoin, benzoyleneurea, (C^alkoxy, (C w )alkoxy(C 1 . 6 
alkyl)COOH, cyano, azido, -0-(C^)alkyl COOH, -0-(C^)alkyl 
COO-fC^alkyl, -NHCOCOOH, -NHCOCONHOH,-NHCOCONH 2 
-NHCOCONHCH 3 , -NHCO(C^)alkyl-COOH, -NHCOCONH^alkyi-COOH, 
-NHCOfC^cycloalkyl-COOH, -NHCONH(C fr10 )aryl-COOH, - NHCONH^ ' 
io)aryKJOO(C„)aIkyl. - NHCONH(C 1< )alkyl-COOH,- NHCONH(C^)alkyl- 
COOfC^alkyl, - NHCONH(C^)alkyl-(C^)alkenyl-COOH, - NHfC^alkyKC* 
loJaryl-OfC^alkyl COOH, - NHtC^JalkyKC^oJaryl-COOH, -NHCH 2 COOH, 
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-NHCONH 2 ,-NHCO(C 1 . 6 )hydroxyalkyl COOH, -OCO(C 14 )hydroxyalkyl 
COOH, jC^cycloalkyl COOH, 

p 

1 



XOOH 



NH ^N^^ N ^^N^COOH . . n 

0 , 5 . C00H , U ° , -NHCN, 

-NHCHO, -NHS0 2 CH 3 , -NHSO2CF3, coumarin, (d. 6 )alkyl-amino, 
di^d^alkyl-amino, C(halogen) 3 , -NH(C 2 .4)acyl, -NH(C6. 10 )aroyl, 
-CONH(C^alkyl), -COfd^alkyj-COOH, -CONH(C^)alkyl-COOH, 
-CO-NH-alanyl, -CONH(C 2 ^)alkylN(C^alkyl) 2) -CONH(C 2 ^) alkyl-Het 
-CONH(C 2 ^) alkyl-(COOH)-Het-CONH(d. 2 alkyl) (OH)(d. 2 alkyl) OH, 
-CONHfd-e) alkyl-COOH, -CONH(C6. 10 aryl), -CONH-Het 
-CONH(C6. 10 ) aryl-COOH, -CONH(C6. 10 ) aryl-COO(C^) alkyl, 
-CONH(C^) alkyl-COO(C^) alkyl, -CONH^o) aryl-(C^)alkyl-COOH, 
-CONH(C6-i 0 )aryl-(C 2< )alkenyl-COOH; 
or salt thereof. 



15 



45. A compound according to claim 1 having the following, formula: 




wherein R 3 , R* and A are as defined below: 



Cmpd. # 
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Cmpd. # 

i 

5 




A . | 

i 

i 

| 


1007 






1008 


A 




1009 


\ * 


'Tlx 


1010 


A 


0 


1011 






1012 


A 


HO 
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Cmpd.# 


V 4 


A ! 

I 

{ 
i 
i 


1018 




t 

OH 


1019 


v s 


/ 

t 

OH 


1020 

s 
I 


> 

■A 




! 1021 






1022 
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Cmpd. # 




A 


1028 

i 






1029 


SI 


: j 


1030 








_ 


? 


"ToaFT " 




* 

* 

MeO 


1032 
















1033 
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Cmpd. # 




A 


1040 


/ \ 


^0^ : 

0 

cr^oH 


1041 




i 


1042~ 






1043 

i 




0 


1044"" 




CI OH 
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Cmpd. # 


rx, 


A 


~T051 


Q 


j| "^J OH 


1052 




'"^^l^jp^^OMe 
HO^O 


1053 




1 OH 1 

o j 


t 1054 

i 


■A 


OH 


1055 


■A 


O 


" 1056~" 








j 


OH 
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Cmpd. # 


v: 


A 


1062 












1063 


S 


» 

OH 


1064 


OH 








OH ! 

i 


~ ~1065~ 




HO 

/ ° 


1066 
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Cmpd. , 




A 


! 

t 


1067 

i 
! 
| 


•A- 


OH 


j 

i 
i 


~ l068~ 


f- ^ - 


OH 




1069 




V 


! 






OH 




1070 

! 

j , 






9 






OH 




1071 




^^^^^^^ 

OH 


f 
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Cmpd. # 


V 4 


A 


1072 

i 




» 

oh : 


1073 




"a, 


1074 




f 

7 OH ! 


1075 




OH 


1076 

j 




9 

i 

OH 
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Cmpd. # 


R 'v R * 


A 


1083 

i 




/ 

OH 


1084 


\ 


\-OH 

H 


1085"" 


\ 


\^^N O 

/> 


"1086"" 


o 




1087 
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Cmpd. * 
1088 ~~ 




7~ A 




V 

OH 


1089 


■ft 


OH 


1090 


i 




1091~ 




^ 1' 

0 


1092 " 


> 

■A 














O^OH | 
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Cmpd. H 


V 


A 

« 


1100 


'.X 

i 

! 


t 

OH 


1101 




r 

,Ns ^^s.^-\ OH 


1102 




"OK" 








~Tl03 


•X 


)-OH 
0 


1104 


(+) enantiomer 


- . 1 


1105 


9" 






(-) enantiomer 
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Cmpd. # 


! R 1 


R 2 






2016 


I 


"V/v 

Racemic mixture 


1 1 




2017 




1 * Vv^ 

1 Y 

Racemic mixture 




. ■ 

! ' 


2018 

• 




Y 

Racemic mixture 


o 


J 


2019 




Y 


•X 


9 






Racemic mixture 






2020 




Y 1 




• 

9 






Racemic mixture 






2021 

s 




Y ■• 

Racemic mixture 


r~\ « j 


■ 

9 


2022 




"V 

Racemic mixture 




9 
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Cmpd. # 



2037 





Mixture of enantiomers/ 
dlastereoisomers 



2038 




(J 



2039 




2040 



— J. 




N 



2041 



2042 





Mixture of enantiomers/ 
diastereoisomers 




Mixture of enantiomers/ 
diastereoisomers 




Racemic mixture 




Racemic mixture 
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47. 



A compound according to claim 1 having the following formula: 




wherein B and D are as defined below: 



Compound 
entry # 



B 



| 3001 ' 


T~ N ~ 


" CH 




3002""" 


| CH 


CMe 


; and 


, 3003 


| CMe 

— f 


CH 1 





48. A pharmaceutical composition for the treatment or prevention of HCV 
infection, comprising an effective amount of a compound of formula I according to 
claim 1 , or a pharmaceutical^ acceptable salt thereof, and a pharmaceutically 
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acceptable carrier. 

49. A composition according to claim 48, further comprising an 
immunomodulatory agent. 

50. A composition according to claim 49, wherein said immunomodulatory agents 
is selected from: a-, p-, 5- y-, and co-interferon. 

51 . A composition according to claim 48, further comprising another antiviral 
agent. 

52. A composition according to claim 51 , wherein said antiviral agent is selected 
from: ribavirin and amantadine. 



53. A composition according to claim 48, further comprising another inhibitor of 
HCV polymerase. 

54. A composition according to claim 48, further comprising an inhibitor of HCV 
selected from: HCV helicase, HCV protease, HCV metalloprotease or HCV IRES. 

55. Use of a compound of formula I according to claim 1 , for the manufacture of 
a medicament for the treatment of HCV infection. 

56. An intermediate compound of formula (i): 



10 wherein R 1 , R 2 , R 3 , R 4 , B, D, X, Y\ and Z are as defined in claim 1, or a derivative 



5 




R' 



(i) 



thereof. 
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57. An intermediate compound of formula l(ii): 




wherein R\ R 2 , R 3 , R 4 , R 7 , A, B, D, X, Y 1 , Y 2 and 2 are as defined in claim 1 , or a 
derivative thereof. 

5 

58. A process for producing compounds of formula I, 

Y 1 R l JR 4 R 7 



R 1 - 




Y 2 



wherein R 1 , R 2 , R 3 , R 4 , R 7 , A, B, D, X, Y 1 , Y 2 and Z are as defined in claim 1, 
comprising: 

a) removing, in a mixture of an aqueous base or an aqueous acid in a co- 
1 0 solvent, the protecting group (PG) from: 




wherein R\ R 2 , R 3 , R 4 , R 7 , A, B, D, X, Y\ Y 2 and Z are as defined in claim 1 , and 
wherein PG is a camoxylic acid protecting group, so as to produce compounds of 



15 formula I. 
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59. A process for producing compounds of formula I, 




wherein R , R 2 , R 3 , R , R , A, B, D, X, Y 1 , Y 2 and Z are as defined in claim 1, 
comprising: 

a) cleaving, under acidic conditions, intermediate compound l(ii) 




i(ii) 

so as to produce compounds of formula I, where R 1 , R 2 , R 3 , R 4 , R 7 , A, B, D, X, Y 1 
and Y 2 are as defined in claim 1 . 



60. A process for producing compounds of formula I, 




10 wherein R 1 , R 2 , R 3 , R 4 , R 7 , A, B, D, X, and Z are as defined in claim 1 , 
comprising: 

i) coupling intermediate compound of formula (i): 
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O R 3 v R 4 

R 2 

(i) 

wherein R 1 , R 2 , R 3 , R 4 , B, D, X, and Z are as defined in claim 1, or a derivative 
thereof, 

with HN(R 7 )-A wherein R 7 and A are as defined in claim 1 , to produce a compound 
5 of formula I. 
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SEQUENCE LISTING 

<110> Boehringer Ingelheim (Canada) Ltd. 
5 <120> Viral Polymerase Inhibitors 

<130> 13/089 

10 <140> 60/306,669 
<141> 2001-07-20 



15 



<150> 60/338,324 
<151> 2001-12-06 

<160> 4 

<170> FastSEQ for Windows Version 4.0 

20 <210> 1 

<211> 621 

<212> PRT 

<213> HCV NS5B 

25 <400> 1 

Met Ser Tyr Tyr His His His His His His Asp Tyr Asp lie Pro Thr 

15 10 15 

Thr Glu Asn Leu Tyr Phe Gin Gly Ala Met Asp Pro Glu Phe Ser Met 
20 25 30 

30 Ser Tyr Thr Trp Thr Gly Ala Leu lie Thr Pro Cys Ala Ala Glu Glu 
35 40 45 

Ser Gin Leu Pro lie Asn Ala Leu Ser Asn Ser Leu Val Arg His Arg 

50 55 60 

Asn Met Val Tyr Ser Thr Thr Ser Arg Ser Ala Ala Leu Arg Gin Lys 
35 65 70 75 80 

Lys Val Thr Phe Asp Arg Leu Gin Val Leu Asp Asp His Tyr Arg Asp 

85 90 95 

Val Leu Lys Glu Met Lys Ala Lys Ala Ser Thr Val Lys Ala Lys Leu 
100 105 110 

40 Leu Ser Val Glu Glu Ala Cys Lys Leu Thr Pro Pro His Ser Ala Lys 
115 120 125 

Ser Lys Phe Gly Tyr Gly Ala Lys Asp Val Arg Asn Leu Ser Ser Lys 

130 135 140 

Ala Val Asp His lie Arg Ser Val Trp Lys Asp Leu Leu Glu Asp Thr 
45 145 150 155 160 

Glu Thr Pro lie Asp Thr Thr lie Met Ala Lys Asn Glu Val Phe Cys 

165 170 175 

Val Gin Pro Glu Lys Gly Gly Arg Lys Pro Ala Arg Leu lie Val Phe 
180 185 190 

50 Pro Asp Leu Gly Val Arg Val Cys Glu Lys Met Ala Leu Tyr Asp Val 
195 200 205 

Val Ser Thr Leu Pro Gin Ala Val Met Gly Ser Ser Tyr Gly Phe Gin 
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210 215 220 

Tyr Ser Pro Lys Gin Arg Val Glu Phe Leu Val Asn Ala Trp Lys Ser 
225 230 235 240 

Lys Lys Cys Pro Met Gly Phe Ser Tyr Asp Thr Arg Cys Phe Asp Ser 
5 245 250 255 

Thr Val Thr Glu Ser Asp He Arg Val Glu Glu Ser He Tyr Gin Cys 

260 265 270 

Cys Asp Leu Ala Pro Glu Ala Arg Gin Ala He Lys Ser Leu Thr Glu 
in 275 2 80 285 

10 Arg Leu Tyr He Gly Gly Pro Leu Thr Asn Ser Lys Gly Gin Asn Cys 
290 295 300 

Gly Tyr Arg Arg Cys Arg Ala Ser Gly Val Leu Thr Thr Ser Cys Glv 
305 310 315 320 

Asn Thr Leu Thr Cys Tyr Leu Lys Ala Ser Ala Ala Cys Arg Ala Ala 
1& 325 330 335 

Lys Leu Gin Asp Cys Thr Met Leu Val Asn Gly Asp Asp Leu Val Val 

340 345 350 

He Cys Glu Ser Ala Gly Thr Gin Glu Asp Ala Ala Asn Leu Arg Val 
™ ■ 355 360 365 

20 Phe Thr Glu Ala Met Thr Arg Tyr Ser Ala Pro Pro Gly Asp Leu Pro 
370 375 380 

Gin Pro Glu Tyr Asp Leu Glu Leu He Thr Ser Cys Ser Ser Asn Val 
385 390 395 400 

Ser Val Ala His Asp Ala Ser Gly Lys Arg Val Tyr Tyr Leu Thr Arg 
*° 4 °5 410 415 

Asp Pro Thr Thr Pro Leu Ala Arg Ala Ala Trp Glu Thr Ala Arg His 

420 425 430 

Thr Pro He Asn Ser Trp Leu Gly Asn He He Met Tyr Ala Pro Thr 
435 440 445 

30 Leu Trp Ala Arg Met Val Leu Met Thr His Phe Phe Ser He Leu Leu 
450 455 460 " 

Ala Gin Glu Gin Leu Glu Lys Ala Leu Asp Cys Gin He Tyr Gly Ala 
465 4 70 475 480 

Cys Tyr Ser He Glu Pro Leu Asp Leu Pro Gin He He Glu Arg Leu 
Jt5 . 4 85 490 495 

His Gly Leu Ser Ala Phe Ser Leu His Ser Tyr Ser Pro Gly Glu He 
500 505 



Asn Arg Val Ala Ser Cys Leu Arg Lys Leu Gly Val Pro Pro Leu Arcr 
515 520 525 

40 Val Trp Arg His Arg Ala Arg Ser Val Arg Ala Lys Leu Leu Ser Gin 
53 ° 535 540 

Gly Gly Arg Ala Ala Thr Cys Gly Lys Tyr Leu Phe Asn Trp Ala Val 
^ 45 550 555 560 

Arg Thr Lys Leu Lys Leu Thr Pro He Pro Ala Ala Ser Arg Leu Asp 
4& 565 570 575 

Leu Ser Gly Trp Phe Val Ala Gly Tyr Asn Gly Gly Asp He Tyr His 

580 585 ~ * 590 

Ser Leu Ser Arg Ala Arg Pro Arg Trp Phe Met Leu Cys Leu Leu Leu 
595 600 605 

50 Leu Ser Val Gly Val Gly He Tyr Leu Leu Pro Asn Ara 
61 ° 615 620 

<210> 2 
55 <211> 30 
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<212> DNA 

<213> Forward Primer 
<400> 2 

5 acgcagaaag cgtctagcca tggcgttagt 30 

<210> 3 
<211> 30 
<212> DNA 
10 <213> Reverse Primer 

<400> 3 

tcccggggca ctcgcaagca ccctatcagg 30 

15 <210> 4 
<211> 26 
<212> DNA 
<213> PUTR probe 



20 <400> 4 

tggtctgcgg aaccggtgag tacacc 



26 



